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INTRODUCTION 
Conductivity data have been obtained ror solutions in 
liquid sulfur dioxide for prE!sumably wholly ionic solutes, 
the constituent ions of which possess structures which are 
either spherically symmetrical or planar. Established methods 
(41} have been employed to secure thermodynamic equilibrium 
constants (Kexp.) and limiting equivalent conductances (~) 
from the data. 
Assuming that the crystallographic radius of the potassium 
ion accurately describes its radius in interpretations or 
ion pair formation and mobility in liquid sulfur dioxide so-
lution and, further, that the radius of an ion is independent 
of' its counter ion, three radii can be derined and quantita-
lively compared. These are: 
(1) R(cryst.); for ions of undetermined crystallographic radius, 
this radius was calculated using knovm bond distances and 
angles and van der Waals radii. 
{2) R(S02); The radius, calculated f'rom Kexp. by means of' 
Bjerrum' s equation, that an ion exhibits in ion pair rormation, 
and which is customarily identiried as the Bjerrum radius (3): 
(3} R(stokes); the radius calculated from Stokes Law (12) 
using the experimentally determined limiting conductance. 
For the cations investigated, K+, (CH3}4N+, (Et}4W, 
(n-propyl) 4N+, (n-buty)-4N+, Mel?y+, (c 7R7)+ and (C6H5) 3c+, it 
was found in most cases that R(S02) is in excellent agreement 
with R(cryst.). A'discrepancy or +2A 0 i.e. R{S02) = R(cryst.) 
! 
1 
0 + + 
+2.A was found for the ease of' _(n-propyl)4N and (C6H5}3o 
where the counter ion w~s I- and 010
4 
respectively. This 
discrepancy is believed to be a consequence of' the large dis-
sosciation constants found for these solutes. However., the 
R(Stokes)of' these cations were. found to be much smaller than 
the R(so2) and R(cryst.); hence., the cations exhibit mobil-
ities which are much larger than those predicted by Stokes 
Law using the crystallographic radius or R(so2). Nevertheless., 
the mobilities of' the cations do vary in the sense predicted 
by the crystallographic radius. 
The anions examined were 01-., Br-., I-., BF4-., 0104- and 
OPi- (picrate). In every case excellent agreement was found 
between R(stokes) and R(cryst.}., and except for BF4- and 0104-., 
R(SOz~ was equal to R(cryst.) in every case. Tetramethyl-
amm.oni um perchlorate and f'luoroborate were found to be highly 
associated, i.e. R(so2} is ~uch less than R(cryst.). How-
ever., the R(so2) of' 0104- and BF4-., estimated by assuming 
that the Bjerrum radius o:f (OH13.)4N+ does not depend on its 
counter ion are virtually identical with the van der Waals 
. 0 0 
radii or R(cryst.) of' oxygen (1.4A) and fluorine (1.35A) 
respectively. 
It has therefore been established that :for liquid sulf'ur 
dioxide surprisingly good agreement is observed between Bjerrum 
0 . 
distances of closest approach (a) calculated from Ke.:x:p. and 
sums of' ionic radii for both spherical and disk shaped ions. 
The radius of a disk-shaped ions being taken as the longest 
van der Waals radius about the centre of gravity by assuming 
such ions behave as spinning disks. Further, the mobility 
of the anions measured is accurately described by Stokes Law 
assuming crystallograph:i. c radii. 
Solutions of potassium bromide have been measured at 
five temperatures providing, together with earlier work {2~), 
data at seven temperatures in the range of +0.124)0. to -24.994)0. 
and the data show the apparently temperature independent char-
acter of .6.. He.x.p. There is, how~ver, an increasing discrep-
ancy at .lower temperatures between ~ Hexp. and ..6H0 Bje:r>rum., 
where the latter is eaJ.eulated (4) from Bjerl?'llm1 s equation 
using ccystallographie radii. This discrepancy can be corre-
lated with the parallel increasing deviation between the sum 
of the crystallographic radii (r+ + r_) of ~+ and Er- and 
0 
a, the Ejerrum distance of closest approach. The behavior 
found for Potassium Bromide is believed to be typical of equil-
ibria in this medium involving only electrostatic association. 
3 
HISTORICAL 
In a. recent paper on. ion pairs. ( 2l)# the en sting state 
o:f the theory was summed by Kraus as ":follows:, ttThe parameter 
0 
ttan of' the Bjerrum. equation does not yi.eld the true distance 
between centers o:f charge of' the ions in ion pairs. The value 
0 
of'. "a1t is dependent on the charge of' the ions in the ion 
·pairs., the temperature and the·nature of' the solvent medium." 
Simultaneously the results of' Lichtin ·and L,ef'tin (27) on 1-l 
electrolytes were reported. Ref'erring to the data on the disso-
elation o:f spherical ions the :following statements appear; 
nThere appears to be no basis in :f-act or theory :for identif'y-
. 0 
ing Bjerrum ttan values with sums of' ionic radii. Yet the data 
:for spherically symmetrical ions in su.l.f'ur dioxide solution 
0 lead to ttan valUes tha.t. deviate but .litt.le :from sums of' ionic 
radii. This equivalence appears to be uni.que; however, it is 
not at present apparent why. sul.fur, dioxide should be a limit-
ing solvent." 
The object o:f this investigation was :first to obtain 
more data on spherically s:vmmetri.cal. ions of' unit charge. 
This would presE?nt a broader spectrum :for testing the limits 
of' sulf'ur di o.xi de ' s unique b.eha vi or. 
From conductance measurement in liquid sulf'ur dioxide., 
Zeigler and Wollschitt (50) f'ound that the equivalent conduc-
tance curves of' triarylmethyl chlorides were sharply depend-
ent on the structure of' the molecules. The large dif':ferences 
:found could not be attributed to the di:ff'erence in mobility 
of the organic cations. They therefore concluded that their 
chlorides were not strong electrolytes and postulated that 
all covalent electrolytes participate in two equilibria. 
First, an ionization of the covalent linkage, 
eg. ROl 
to for.m ion pairs, then a dissociation of the ion pairs, e.g. 
Direct comparison ~f conductance curves was then used to de-
monstrate the relative effectiveness of various groups in 
promoting ionization of the carbon-chloride bond. 
L~chtin and others (25,26,27,28) have extended the in-
vestigation in sulfur dioxide solution on covalent compounds 
of the triphenylmethyl series. The experimentally determined 
equilibrium constant (Kexp.) is related to the ionization 
constant (K1 ) and the dissociati-on constant K2 (or KBjerrum.) 
according to Eq. l; 
Until recently (28) interpretations of the data obtained were 
qualitative since neither K1 nor K2 were known independently. 
5 
As indicated above the recent work of Lichtin and Leftin (27) 
showed that when tt~tt was taken equal to the sum of ionic radii 
·for spherically symmetrical 1-l electrolytes, unusually good 
agreement resulted between the experimentally detel?mined 
dissociation constant (Kexp.) and the calculated dissociation 
constant (KBjenrum)• These workers then proposed a model ~or 
the triphenylcarbonium ion. and its sub.sti tution derivatives 
in su~ur dioxide solution which served as a basis ~or select-
ing the equivalent Bjerrum radii ~or these cations. KBjerrum 
(or K2) could be calculated using the radius supplied by the 
model and then the ionization constant could be obtained by 
a simple substitution into the above equation. The internal 
consistency and correlations with established effects lent 
support to the proposed model. 
In this model it was assumed that these _cations oocupy 
the spherical spatial region de~ined by the largest van der 
Waals' radius about the center o~ gravity o~ the ion, in short, 
a spinning disk. This speculative approach has been scrutinized 
With the aid of the second part o~ the present research. First, 
triphenylcarbonium perchlorate has been investigated as a 
crucial test o~ the spinning disk theory, since triphenyJ.-
methyl perchlorate is completely ionized and can only be in-
volved in the dissociation equilibrium. Evidence supporting 
the ionic character o~ this salt can be ~ound in the work of 
Zeigler and Wollschi tt (5o). Th,ese authors found slight diff-
erence in the equivalent conductance.curves or several tri-
arylmethyl perchlorates and so deduced that these compounds 
were strong electrolytes which differed in conductance only 
because of the di~ferent mobilities of the organic cations. 
6 
The bright color. o:f the triarylme.thyl perchlorates prepared 
by Zeigler and Wollschitt and also by Dilthey and Al:t:usz (5) 
lent support to the ionic ·character o::f these salts in the 
solid state. 
Data on the relationship .between the Bjerrum equation 
and the behavior o:f other non-spherical .. ions in. this medium 
have been collected. Four rele.vant cate.gori.es. were inves-
tigated. 
Cati.on Anion 
(a) Sphere .. Sphere 
(b) Sphere Disk 
(c) Disk Sphere 
(d) Disk Disk 
Denision and. Ramsey Clt-), using the. Bjerrum equation and 
its assumptions, derived .the. theoretical expression :for 
~H0Bjer~um o:f ion pair dissociation. This theoretical equation 
predicts: 
1. ~0 is not independent of temperature. 
2. 6H0- is exothermic for all solutions in J.tquid sul:t:ur 
dionde. 
3. AH0 is dependent. on .the dist.anc.e. o::f closest approach. 
Enthalpies calculated_ by Le.ftin (27) using .equation 2 for 
several ion pai.rs could .. not. be. tes.ted fo.r accuracy .because 
of the lack of reliable .. data.. Furthermo.re,. Vignale (4-5} 
investigated a large series of triphenylmethyl ~hlorides and, 
7 
in several cases, demonstrated a very novel temperature 
dependence. Vignale found that plots of logK vs. T-1 over 
a thirty degree range for triphenylm.ethyl chloride and its 
mono-o-methyl derivative yielded similar sinusoidal curves. 
The deviations from linearity were well outside of experi-
mental error. However, the temperature dependence of the 
equilibrium data for the three mono-chloro compounds was 
consistent with const~cy of ~H0exp. 
It was therefore considered both interesting and infor-
mative to measure an electrolyte which associates only elec-
trostatically over a wide temperature range.. This should help 
to define the limits of applicability of the Bjerrum equation. 
Since Leftin (27) showed that KBr conforms almost exactly to 
the Bjerrum equation at 0°0. and -8.9°0., this compound has 
been examined at five other temperatures. 
EXPERIMENTAL 
Conductivity Cells 
A large part of this investigation was devoted to the 
determination of cell constants. The problems encountered 
were eliminated and so a new type of cell (Fig. 2) which 
exhibits ideal behavior is currently in use. The old type 
of cell shown in Fig. I is called a Hg-well cell for reasons 
which will become obvious during the course of this discussion. 
Design of Hg-well Cells 
.,.,._ 
A new cell had to be fabricated" in order to obtain re-
liable data on the conductance behavior of strong electro-
lytes. The design of this new cell maintained most of the 
structural features of the cells used by other investigators 
in this field. One major alteration in structure was the use 
or pure platinum electrodes and mounts; wherever possible, 
pure gold, worked with an oxygen free flame, was used as 
solder. This alteration was incorporated with the intent of 
reducing frequency dependence, as demonstrated by Nicol and 
Fuoss (33). A small dilution factor was obtained by incor-
porating an electrode compartment with a volume of about 70cc. 
and a dilution bulb with a volume of about 48ec. A large cell 
constant was built into the cell by separating the electrodes 
by about 2om. 
*The cell was built by Ryan, Velluto and Anderson, Cambridge, 
Massachusetts. 
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Figure I represents a schematic diagram o~ the cell 
constructed according to.the above speci~ications. In this 
~igure the letters have the ~allowing signi~icance. 
A. - Nickel coated copper leads 
B. - Silver solder 
C.. - Tungsten wire 
D. - Canary glass 
c1 - Tungsten wire~ extending thru pyrex glass seal to 
pure platinum stirrup (E}. 
F. - Gold solder 
G. - Pure platinum electrodes 
H. - Mercury well making electrical contact between C 
and cl. 
General Behavior o~ Hg-well Cells 
The general behavior o~ this. type o~ cell warrants amp-
li~ication. The ~allowing characteristics have been noted. 
(a) Glazer (9) ~ound that the resistance o~ a standard 
solution o~ KCJL .. dr.if'ted with time. 
(b) Vignale (45) devoted a great deal o~ time in an 
attempt .to correlate several unusual phenomena. He noted 
that during platinization more_ current. would ~low in one 
direction than in the other .•.. The .direction. o~ this apparent 
recti~ication or polarizati.on was sometime.s reversed during 
subsequent replatinizations. Vignale concluded that the elec-
trodes used may not have been pure platinum since their sur-
~ace was pitted a~ter cleaning with aqua regia. 
I2 
(c) atter use with liquid sulfur dioxide, measurements 
of the cell constant with aqueous potassium chloride cannot 
be reproduced due to distortion o:f the sine curve image o:f 
the oscillosc_ope. Slieh 
13 
distortions eliminate an accurate null point. 
(d) The Hg-wells are quite fragile and if broken are 
difficult and expensive to repair. 
Determination of Cell Constant 
A solution of potassium chloride in water is used to 
determine the cell constant. Tables of the specific conduc-
tivity of different standard solutions at various tempera-
tures are available (17). The problem therefore is to pre-
cisely reproduce the resistance measurement of several (3-5) 
aliquots of the standard potassium chloride solution, measure 
the resistance of the water used to prepare this solution, 
and then evaluate the cell constant by simple mathematical 
relationships. 
The wells of the new cell (Fig. I) were filled with an 
aliquot of the mercury that was used for a cell which was 
currently in use. The wells were then sealed under vacuum. 
The electrodes were coated with platinum black by electro-
lysing a 3% aqueous sol~tion of chloroplatinic acid contain-
ing lead acetate. The cell was then rinsed with 10% NH40H1 
distilled water and finally acetone· and dried by aspirating. 
Description of all the details of the many attempts made 
to determine the cell constant is not warranted here. The 
difficulties encountered are as follows. 
(1) On occasion the resistance of two pairs of aliquots . 
of the standard solution of potassium chloride could be re-
produced. These could be the second and third aliquot, and 
the third and fifth aliquot. The other aliquots differed by 
lij. 
l~ 
as much as 10%. 
(2) The sensitivity or the bridge was greatly reduced 
since a power input or less than 25% or maximum had to be used; 
increasing the amplitude resulted in a great deal of dis-
tortion of the image of the oscilloscope. 
(3) The resistance of a particular aliquot changed with 
a change in frequency or power input. 
(4) The most deceptive factor in these measur.ements was 
that sometimes the cell behaved 11we11tt; this means the os-
cilloscope maintained a fair sine curve, very little fre-
quency and amplitude dependence, and the resistance of aliquots 
of one standard solution was reproduced twice or three times. 
For example, ~elution C gave two aliquots with a resistance 
or 399 obms., three aliquots with a resistance of 383 ohms., 
; 
the other aliquots of this solution yielded 408, 404, and 
373 ohms.; the spread is about ten percent. 
(5) Sometimes the resistance of an aliquot could not be 
measured due to a great deal of distortion of the sine wave 
even at as low as 15% of maximum power. 
(6) One novel characteristic was that a fair sine curve 
could be changed to a distorted image by juggling the ampli-
tude between 0 and 100 several times. This behavior could 
also be reversed. 
It was noted that the null point of a distorted image 
was always at a higher resistance than when a good sine curve 
image was minimj.zed. This suggested that there was a resis-
tance in series with the solution being examined. Whatever 
the nature of this resistance was, it was sometimes repro-
ducible; it could also be reduced by juggling the amplitude 
of the sine wave, almost as if it were being broken down 
or overcome. 
This resistance is best described as non linear; in other 
words a rectifier was present which had a set resistance when 
the current was in one direction and a different resistance 
when the direction of.the current was reversed. This as-ym-
metry then distorts the sine curve, or conversely, a pure 
sine curve indicates that the system is symmetrical. The 
most likely position for such a rectifier is a phase change 
within the system. 
Attention was therefore focused on the Hg-wells. It 
was found tbat changing the tungsten-Hg contact surface,. by 
mixing the solution or nsnappingn the wells gave examples of 
all the anomalous·behaviors observed. ~ging the mercury 
failed to resolve the problem. 
The mercury wells were removed and the bridge leade 
were connected directly to the tungste~ wires at el and e11• 
Using ~he room as a thermostat, examination showed that a 
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pure sine curve was obtained; amplitudes as high as lOO could 
be used without distortion and frequency dependence was absent. 
Admittedly, four-mercury--tungsten junctions were present and 
anywhere from one to all four of these could have been at 
fault. Rather then examine the four junctions, they were 
eliminated by spot welding the nickel coated copper wire to 
the tungsten at el and ell. This new type of cell, the type 
used throughout this research, is represented in Fig. II. 
On this f'igure the letters have the f'ollowing signif'icance: 
(a) gold solder joining platinum stirrup (c) to platinum 
el~ctrode (g); (b) gold solder joining tungsten wire (d) to 
- . 
platinum .. stirrup .. (c) ; (e) . spot weld between nickel co a ted 
copper lead {f') and tungsten wire (d). The cell constant 
was then.determined.and the.general behavior of' this new cell 
examined. This cell is designated as Cell #3. 
Cell Without :S:g-wells 
About 2,000cc. of' distilled water was collected f'rom a 
Barnstead Still and placed in a greaseless glass stoppered 
2-liter round bottom flask. A 1-liter volumetric f'lask was 
rinsed well with distilled water and dried overnight in an 
oven at 120~.0.; no condensate f'ormed upon cooling it to room 
temperature. These f'lasks were the same as had been used f'or 
the same purpose by other investigators (9,45). 
The potassium chloride used was the same as that used 
by Vignale (45) who purif'ied it in the f'ollowing manner. 
nThe Reagent Grade Baker's potassium chloride was recrystal-
lized three times f'rom distilled water and then dried in an 
Abderhalden vacuum drying apparatus at 8o~c. (ref'luxing 
benzene) and about O.lmm. Hg.pressure f'or twelve hours. 
Potassium hydroxide pellets were used as drying agent in the 
apparatus. The dried.salt was stored in a desiccator over 
calci1;1lll chloride.n It was weighed on a semi-micro balance, 
transferred q~antitatively to the volumetric f'lask and diluted 
to the mark with a portion of' the distilled water. The total 
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weight of the solution was determined; all wei~ts were correc-
ted to vacuum. The solution was then mixed several times to 
insure homogeneity. 
The cell w~s first rinsed with an aliquot of the cali-
bration solution# filled well into the calibrated neck with 
this solution, stoppered, precooled in an ice bath and then 
.. . 
placed in the thermostat (+0,015 : .oo5°C,) • .A.f'ter fifteen 
minutes the resistance of the solution was measured at five 
l minute intervals. The entire process was repeated until five 
aliquots were identical in resistance. A decade box, set at 
1,000 ohms, was placed in series with the cell. Its resis-
tance was measured after each aliquot to correct for changes 
in h)ln11dity. The resistance of the distilled water used was· 
determined in t~e same manner. 
The data collected are tabulated in Tables 1 and 2. The 
resistance of' any aliquot was found to be inde~endent of 
~plitude (0 to 100) and varied linearly by +0.25% with a 
hundredfold change in frequency (200 - 20,000c.p.s.). A good 
sine curve was obtained at all po:wer inputs and could be 
nulled to a straight line; maximum power input was used in 
order to increase the sensitivity of the null point, 
The specific conductivity for the KCl solution of Jones 
and Braa~~ (17) is 7.7364 x lo-4ohm.-1cm.-1 for o.745263gm. 
KCl per Kg. solution. The calibration solution prepared 
contained 0.74672 gm. KCl per l000.74gm. of solution. Assum-
ing the value of to be constant over the small difference 
in temperature (+0.01°0.) and concentration the specific 
TABLE l(a) 
Determination of Cell Constant - Cell #3 
·Aliquot (b) Resistance(c) Frequency Power Input Sensitivity 
(ohms~ CeEeSe (ohms) 
I 1367.0 2000 50 .. ._ ·-
1367.00 2000 100 
- - -
II 1367.7 2000 50 !.1 
1367.71 2000 100 t.Ol 
III 1367.7 2000 50 =t--.1 
1367.70 2000 100 :!:~ 01 
IV 1368.1 200 50 
- - -
1367·7 2000 50 - - -
1367.2 20000 50 
- - -
v 1367.8 2000 50 
---1367.8 2000 100 
- - -
(a) Standard solution of KCl used. (b) Aliquots are numbered. iJ;J. order of introduction into cell. 
(c) Resistance after 15 - 30 minutes with Decade box in series. 
Resistance 
of solution 
366.5 ' 
(Decade = 1000.44) 
367.3 (Decade = 1000.44.) 
367.3 (Decade = 1000.43) 
367·3 (Decade = 1000.43) 
367.3 (Decade = 1000.5) 
(-l 
...0 
(a) 
(b) 
(c) 
TABLE 2 
Determination of resistance of solvent (H2o) 
Aliquot(a) Resis5ance(b) 
x 10- obms 
I 2~38 
II I 3.55 
III 3.62 
IV 3.69 
v 3-95 
VI 4-16 
VII 4•19(c) 
A1iquots listed in order _of introduction. 
Resistance determined with parallel resistance of approx-
imately 40,000 ohms. 
Value assigned to solvent. 
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conductivity of the solution used could be calculated. 
k calibration= (7.7364 x 10-4) (6.74672/0•745263)(103/1000.74) 
= 7·746 x l0-4 mhos-1 cm.-1 
The resistance of the calibration solution was found to 
be 367.3 ohms; the resistance of the conductivity water was 
found to be 4.19 x lo5 ol:.uns. The cell constant of Cell #3 
was therefore: 
Cell Constant= kR = (7.746 X 10-4)(367.3) = 0.2845cm.-l 
kH2o = .2845/4.19 x 105 = 6.8 x 10-7 obms-
1 cm.-1 
k = (7•746 + 0.007)10-4 = 7•753 X 10-4 
Cell Constant = (367 .3) (?.• 753 x 10-4) = 0~2848cm. -l 
A third approximation produced no further change in the cell 
constant. 
Unfortunately, the cell constant used in this investiga-
tion was calculated to be 0.2852cm.-1 ; a difference of O.l%. 
This arose from using the ratio 1000.74/103 , instead of as 
calculated above. However, this error affects only the limit-
ing conductance and not the dissociation constant. Since the 
limiting conductances are known in the most precise cases 
(see Table 2$) to only !o.5%, the data were not corrected. 
Furthermore, the error in determining the cell constant is 
of this order and so no significance is attached to this error. 
Internal Check-on Cells 
The examination of Cell #3 (discussed above) clearly 
demonstrated that in this cell one or several of the Mercury-
Tungsten junctions had set up a recti~ier. It was decided 
to investigate the other three cells on hand in the light o~ 
this in.f'ormation. Cell #1 had been built with Hg-wells ~or 
Vignale but he could not determine its cell constant due to 
distortion o~ the sine curve. Cell #O, used by Glazer (9) 
and Cell #2, used by Vignale (45)-, also contained Hg-wells, 
yet the cell constant o~ each was precisely determined by 
the respective investigators. 
Attention was ~irst directed to the Hg-wells o~ Cell #O 
and #2. When the cell constants were originally determined, 
the respective investigators (9,45) were able to reproduce 
the resistance o~ several aliquots o~ the calibration solution. 
Furthermore these cells were internally calibrated; i.e. cross 
calibrated by examining compounds o~ known conductance be-
havior. Nevertheless these cells were also tested in the 
present work. 
Glazer (9) determined the eel~ constant o~ Cell #O and 
~ound it to be .2226cm.-1 • This cell is af~ectionately called 
nold-Grandad,tt since it has served many investigators. When 
it was filled with dilute (O.IN) aqueous KCl solution the 
resistance could not be accurately deterwdned due to dis-
tortion o~ the sine wave. When the Hg-wells were removed 
and the leads connected directly to the tungsten, no dis-
tortion was present. Measurements were then conducted using 
aliquots of the KCl solution which was used in the deter-
mination of the cell constant of Cell #3. The cell constant 
was ~ound to be 0.2204cm.-1 ; a change of about -1%. Part 
o:f this change is probably due to experimental error and 
part is probably due to the e:f:fects o:f the many years o:f use. 
However the presence o:f the Hg-wells, although it did not 
significantly a:f:fect the cell constant, did somehow distort 
the image when an aqueous solution o:f KCl was examined. Even 
so, the presence o:f these same Hg-wells did not distort the 
sine wave when liquid sul:fur dioxide was used as solvent. 
The higher resistance o:f all the sul:fur dioxide solutions 
may have something to do with the better cell performance. 
The cell constant ( .l995cm. -l) -o:f Cell #2, containing 
Hg-wells was accurately determined by Vignale (45). Upon 
completion o.f the investigations o.f Vignale, the Hg-wells 
were removed and the leads connected directly to the tungsten. 
The cell constant, determined relative to the value assigned 
to Cell #3 (see discussion o:f Table 3 :for details) was :found 
to be O.J.98lom.-1 ; a di.f:ference o.f only -0.7%.:rrom the value 
:found by Vignale (45). Here again Vignale :found that Cell #2 
behaved ideally with KCl but a:fter use with liquid sul:fur 
dioxide the presence o:f aqueous KCl resulted in a distorted 
sine wave; a characteristic found also in Cell #O. As :found 
with Cell #O, the removal o:f the Rg-wells eliminated this 
distortion. 
Cell #1, upon removal o:f the Hg-wells, had a cell con-
stant, as determined by Vignale, o:f .2535cm.-1 • From the 
investigation tabulated in Table 3, the constant relative 
to Cell #3 (0.2848cm.-l) wa~ 0.2548cm.-1 , a di:f.ference o:f 
+0.5%. 
. ._.. :~·-· 
Parker Ef'f'eet 
Parker and Parker (36) found that the cell constants 
of' certain cells show a slight variation with the conductivity 
(hence concentration) of' the solutions Under investigation. 
Jones and Bellinger (16) demonstrated that the Parker E:f'f'ect 
is present if' the leads-to the electrodes are not widely se= 
parated f'rom certain parts of' the cell which contain solution, 
since there is produced a capacitance bypath of' such a na.ture 
that compensation is not practic~ble. 
All cells used :f'or .conductance in liquid sulf'ur dioxide 
have leads which are separated by 10-l3cm.; this distance is 
limited by the diameter of' the 4 - liter dewar which is used 
f'or cooling the cell when collecting the solvent. Investi-
gations were conducted f'or both the exandnation of' the Parker 
·Eff'ect and the cross checking of cell constants in the follow-
ing manner. Cell #3 was used as a standard; cell constant = 
.2848cm.-1 • All cells were rinsed :f'irst with distilled water, 
then with acetone, and dried with the aid of a heatlamp and 
water aspirator. They were then rinsed with an aliquot of' 
a KCl .solution, filled with the KCl solution and the pro-
cedure repeated until identical readings were obtained with 
two successive aliquots. The concentration of the KCl 
solutions was changed, and the procedure repeated. This 
investigation also gave the cell constant o:t: Cell #O, (which 
had undergone repairs) and a check on the constant o:f Cell #1 
determined by.Vignale C45). 
These data are summarized in Table 3. 
Concentration 
of KCl soln. 
O.lN 
O.OlN 
o.oo5N 
O.OOlN 
TABLE 3 
Parker Effect (d) 
Cell #O. 
Cell constalJ't 
Cell #1 c 
.2161 .2?49 
.2156 .. 2546 
-- -
.2.548 . 
.2l56 .2.547 
(a) Cell constant = .2848cm.-1 
(b) Only one aliquot measured. 
(c) Determined by Vignale = .253.5cm.-1 
(d) Da.~a collected at 2,000 c.p.s. 1 (e) Determined by Vignale =O.l99.5cm.-
(em. -l) 
Cell #3 (a) Cell #2 
-- -
standard 
- - -( )standard 
0.19t:m b,e standard 
- - -
·standard 
The only divergence obtained is in the value of the 
cell constants using O.lN KCl. The magnitude of the resis-
tance of this solution was only about 30 ohms, so that error 
in the resistance is reflected as a large error in the cell 
constant. In general, the cell constant of Cells #O, #1, and 
#3 are independent of the concentration of the KCl from O.lN -
O.OOlN, and as a first approximation, do not exhibit a Parker 
Effect. However, all cells could have the same Parker Effect. 
Simultaneously these data give the cell constant of 
Cell #O as 0.2156cm.-l, and show the agreement between this 
work and the determination of Vignale to be about !o.6%. 
· The resistance of a particular aliquot in any cell 
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changed by only -0.1% over the frequency range 200 - 20,000 c.p.s. 
Another check of the effect of concentration on the 
ce~~ constant is available. This check is offered by runs 
made on a particular compound in two cel~s. In all cases 
(Cells #O, #I, #3), no divergence outside of experimental 
error has been found. Furthermore, Cell #2, with Hg-wells 
checked well within 1% with Cell #O which contained no Hg-
wells~ The effect of a change in frequency (200- 20,000c.p.s.) 
on measurements made in liquid sulfur dioxide was examined 
with Cell #3 and found to be about 0.1% over the entire range 
of resistances measured. 
Data on Cells 
All the constants for the cells, along with the sources 
of the particular values are presented in the following Table. 
TABLE.4 
Data on Cells 
Cell # Cell con~tant Volume of 
em.-~ Dilution Bulb 
0 
I 
2 
3 
0.2534(d) 
0.2156(a) 
0.2549(a) (e) 
0.2848(c) 
(a) Ca~ibrated from Cell #3 
ml. 
18.73(b) 
17.59(d) 
28.24-( d) 
48.64(c) 
(b) Determination of G~azer (9). 
(c) This author 
Volume of 
Electrode Bulb 
ml. 
4J.951 at o.ooOml.(c) 
38.395 at ?.OOOml.(d) 
(e) 
72.634 at o.oooml.(c) 
(d) Determination of Vignale (45). 
(e) Values changed due to removal of Hg-wells. 
Summation 
The removal o:f Hg-wells :from the design o:f the conduc-
tivity cell has eliminated the anomalous behavior encountered 
both during the initial determination of the cell constant 
and subsequent re-checking of the cell constant after use with 
liquid sulfur dioxide. Cells of this type have been :found 
to behave ideally; unfortunately data could not be obtained 
:for checking the general behavior of cells with Hg-wells. 
All four cells have been used in this work and no diver-
gence has been found among data obtained with these cells. 
The presence of Hg-wells is evidently not reflected in any 
manne~ when measurements are made in liquid sulfur dioxide. 
The reason(s) for this solvent dependency behavior of Hg-well 
cells cannot be resolved at this time. 
Volume of Electrode Bulb at O~C. 
(1) Cell #3 
A specially constructed weighing flask {Fig. 3) de-
signed by Glazer (9) stoppered at both ends was weighed when 
full of water. 
Figure 3 
't The water was poured thru arm H into arm A 
of the dry conductivity cell (Fig. I). The :flask was then 
reweighed in order to determine the weight of water in the 
cell. The cell was then stoppered and immersed, beyond the 
I 
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level o:f water in the cell, in a large tub :full of a slush 
o:f shaved ice and water. All exposed parts o:f the cell which 
had come in contact with the water were then heated with an 
in:fra-red lamp to distill any absorbed waper down into the 
submerged electrode compartment. After thirty minutes the 
level of the liquid was read on the calibrated stem (J), and 
the process repeated. The results o:f :four such determination 
:for Cell #3 are listed below in Table 5. 
TABLE 5 
Electrode Bulb Calibration Data-Cell #3 
Wt. o:f Water Volume o:f Water Volume Volume Reading 
Introduced Introduced at Reading Extrapolated 
g. o~_c. ml. o:f cell to O.OOOml. 
ml. 
70.6905 70.6977 1.930 72.628 
71.4572 71-4643 1.170 72.63~ 
72-4607 72.4675 0.170 72.63 
72.1568 72.1640 0.470 72.6,24 
Average Value: 72.634 :.oo2ml. 
(2) Cell #O 
The replacement o:f Hg-wells by straight leads demanded 
glass blowing and annealing in the region of the electrode 
compartment o:f the cell. This procedure changed both the 
cell constant and the volume o:f the electrode bulb. It was 
therefore necessary to redetermine the values of tnese two 
components of the cell. 
Table 6 lists the data collected in the determination 
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of the volume of the electrode bulb for Cell #O. The pro-
cedure was identical with that used for Cell #3. 
TABLE 6 
Electrode Bulb Calibration Data-Cell #O 
Wt. of Water 
Introduced 
g. 
Volume of Water 
Introduced at 
o~c. m1. 
43.478 
42.887 
43.556 
42-757 
Volume of Dilution Bulb 
Volume 
Reading 
, of cell 
ml. 
0.485 
1.060 0.385 
1 .. 195 
Volume Reading 
Extrapolated 
to o.ooom1. 
43.963 
43.947 
43·941 
4J.9$2 
Average Value: 43.951 ±.007m1. 
The electrode bulb of the cell was filled well into the 
calibrated stem (J) with distilled water. The cell was then 
submerged so that the dilution bulb (K) was covered w~th the 
ice slush for approximately one hour. The cell was then re-
moved and rotated in a manner such that the dilution bulb was 
filled to the mark and the excess water flowed into the dis-
tillation bulb (D).· The cell was then rotated so that the 
contents of the dilution bulb flowed into the electrode bulb. 
A weighed quantity of water was then introduced into the 
electrode bulb, using the same flask and procedure used in 
the electrode bulb calibration, until the level of water was 
somewhere on the calibrated neck. The electrode bulb and 
distillation bulb were immersed in ice slush in order to avoid 
distillation; all other regions were heated with heat lamps. 
A.fter about one hour the level o.f the water was determined. 
The results o.f .four determinations are tabulated in Table 7• 
TABLE 7 
Dilution Bulb Calibration Data-Cell #3 
Wt. o.f Water Volume o.f Water Volume Volume o.f Dilution 
Introduced Introduced at Reading bulb 
g. o~c. m1. o.f cell ml. 
ml. 
23.3876 23.3899 0.610 48.637 
22.8329 22.8352 l.llO 48.677 
23.3793 23.3816 0.6%0 48.6l2 
23.2228 23.2251 0.7 0 48.629 
Average Value: 48.64 !.o2m1. 
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SOLUTES 
General Remarks 
In the preparation and puri~ication o~ several o~ the sol-
utes examined in this investigation, little attention was paid 
to yield or recovery upon recrystallization and so such per-
tinent data are not included. This was due to several ~actors. 
Many o~ the solutes were commercially available and needed only 
recrystallization. Small amounts were required ~or analysis 
and investigation and the princ~pal objective was purity not 
quantity. In general, recrystallizationswere per~orm.ed with 
dilute solutions and the mother liquors were discarded. 
Schematic Summapy o~ Preparation o~ Solutes 
A detailed description of ea.ch reaction outlined below 
is presented in the ~bllowing section under. the appropriate 
heading. 
Meth:ylgrridinium Iodide 
where 
·0 + OH_ 31. Benzene ) . Re~lu.X.· · 
.MePy+ isfO~~ol .. ~ 
Silver Hydroxide L J 
. 
AgN03 + NaOH ··~.+ NaN03 
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Tetramethylammonium Picrate 
abs. 
(CH3 )4wr- + Ag+OPi- MeOH > Agi Re1'lux -ywel="'J.:=-o-w---w"'!l"hl~t-e 
Methylpyridinium Picrate 
abs. 
+ - + - MeOH MePy I + Ag OPi · . > 
Reflux 
Methylpyridinium Perchlorate 
curdy 
MePy + OP1- + ::A:.Qgi~---.;--.-:-­
yellow-wbite 
curdy 
MePy + I- + AgClO EtOH ) MePy + 01.04- + Agi 
4 abs. yellow-white 
curdy 
Tetramethylammonium Perchlorate 
( CH3 ) 4N +I- + AgCl04 H20 ) { Cfl.3) 4N + 0104- + ---.:-"=A=--g=I----::-~-
. . - . yellow-white 
eurdy 
Fl.uoroboric Acid 
Tetramethylammonium Fluoroborate 
Triphenylmethylperchlorate 
Tetramethyl~onium Iodide 
The crude yellow iodide (Eastman Kodak Co. nWhite Label11 ) 
-
was dissolved in warm preboiled distilled water; the resulting 
pale green warm solution was ~iltered ~ree o~ a trace of un-
dissolved solid and cooled at +5°C. overnight to yield p~e 
white prisms. The green mother liquor was discarded. This 
first crop was'recrystallized twice .from colorless aqueous so-
lutions. Af'ter preliminary drying in a vacuum desiccator over 
"Drierite,n the prisms were pulverized and the powder dried in 
a vacuum oven at 8o~c. over P205 at o.lmm • .for twenty-.four 
hours. Two 11 ref'inedrt Volhard analyses showed 63 .o!o.l% of' 
iodide. The theoretical iodide content calculated .for c4Hl2NI 
is 63.1%. 
Tetra-n-propylammonium Iodide 
The crude yellow iodide (Eastman Kodak Co. 11White Labeltt) 
was recrystallized twice .from warm preboiled absolute ethanol 
with the addition o.f anhydrous ether. The delicate white needles 
obtained were washed with ether and dried in a vacuum oven at 
8ooc. over P205 at O.J.mrn.. f'~r twenty-four hours. Two 11 re.fined11 
Volhard analyses showed 40.65!o.o5% o:f iod:l.de. The theoretical 
iodide content calculated .for 012H28NI is 40.5%. 
Potassium Bromide 
This salt was purified by Dr. H. P. Le:ftin and used in his 
research without analysis. It had been stored in a glass stop-
pered weighing bottle in a desiccator over Cac12 since its pur-
ification. Two Volhard analyses, performed a.fter sixteen months 
o:f storage indicated 66.9:0.2% bromide. The theoretical brom-
Methylpyridinium Iodide 
Reagents 
1. Pyridine: The Coleman Bell Co. (Pure Grade) product 
(500cc.) was dried over P205 ~or hal~ an hour, then distilled 
in the presence o~ P205 through a 60cm. Widmer column; the 
apparatus wa& protected ~rom the atmosphere by means o~ a CaS04 
drying tube. A 20cc. ~orerun was discarded and a middle ~rae­
tion (approximately 200ce.), b.p. = 114.5-115~0. (22) was col-
lected and stored over KOH pellets until it was ready to use. 
2. Methyl Iodide! The contents (50cc.) o~ a ~reshly 
opened bottle o~ the Eastman Koda~ Co. product (White Label) 
was distilled tbru a 60cm. Widmer column; the apparatus was 
proteeted from the atmosphere by means o~ a CaS04 drying tube. 
A lOco .. forerun was. discarded and the middle ~raction (30cc.), 
b.p. = 40.5-40.7°C. (23) was collected and used immediately. 
3. Benzene: The Eastman Kodak Co. product (White Label) 
was dried by distillation ~rom CaH2•· 
4· Ether (Baker's Analysed Reagent): Dried over Na wire 
and fiitered be~ore use. 
The technique used was essentially that of A· B. Prescott (39). 
A preliminary preparation yielded a white solid which turned 
slightly green upon ~iltration, and could be recrystallized 
~rom absolute ethanol and ether. The development o~ the color 
was belived to be due to any o~ the ~ollowing: contamination 
with moisture; oxidation o~ the moist iodide; contamination with 
stop cock·grease,· or incomplete reaction. 
To a solution o~ equal volumeso~ benzene (20cc.) and pyr-
idine (19 .. 8g., 0 .25mole) contained in an erlenmey-er ~lask which 
was cooled in an ice bath, there was added dropwise, .i'rom an 
automatic pressure equilibrating dropping .t'u.nnel, protected 
.i'rom the atmosphere with a OaClz drying tube, a slight excess 
o.t: methyl iodide (39.8g., o.28mole) dissolved in benzene (20ec.). 
During the addition, the .i'lask was swiFled vigorously. The re-
action mixture first became green, then murky yellow, and .i'in-
. ally a .i'locculent white compound was .i'ormed. After addition · 
was complete, a re.t:lux condenser was added and the mixture rea 
.i'luxed gently on a steam bath until the odor o.i' pydidine was~ 
absent. No stopcock grease.was used• 
The white salt was .filtered on a-sintered glass .funnel 
and washed twice with dry .ether without the development of any 
color. The white powder was quickly trans.ferred to a vacuum ·· 
desiccator and dried over P205 at O.lmm • .i'or three days. The 
s:rnall amount o:t: sa.J.t which remained iri. the sintered glass .t:un-
nel developed no color upon standing on the desk top overnight. 
The crude dried salt dissolved readily in water for.ming a 
colorless solution. The product turned green between 108-115~0., 
melted to a turbid green fluid at 116.6-117.5~0., and clari-
fied by 120°0. A .i'ive gram aliquot was recrystallized twice 
from absolute ethanol and ether. Filtration and washing were 
done under nitrogen pressure. The product, pure white oval 
crystals, was dried in an Abderhalden apparatus at 60~0. over 
P205 at O.lmm. for twenty-rour hours. The melting range was 
115.5-116.5°0. The melt was green. Two refined Volbard ana-
lyses showed 57.2t0.1% iodide. The theor~tieal iodide content 
. . 
calculated ror 06H8NI is 57.4%. 
Since this preparation~ the properties o~ this sa1t have 
been care~u.J.ly examined by Kosower (20} who measu.:t>ed the u1tra-
vio1et absorption ~ectra of aqueous solutions and confirmed 
that they do not obey Beer's Law. Quantitative optical measure-
ments indicate that a new species is present which is ~or.m­
ulated as a charge - trans~er complex with subsequent addit~on 
of iodide ion to the pyridiniu.trL ring. The salt employed was pre-
pared ~rom reagent grade pyridine and methyl iodide in abso-
1ute ethano1. The yel1owish product was recrystallized ~rom 
absolute ethanol to yield white crystals, m.p. 116 - 117°0. 
(reported 116°0. (11), 117°0. (39)). Kosower cautions that 
it is important to avoid excessive air ~low through the sol-
vent -wet solute or a brown tinge indicative o~ iodine or tri-
iod.ide appears.. The sa1t is reported as hygroscopic. 
In t~s research the sa1t was prepared ~rom pu.ri~ied rea-
gents; at no time was it yellow tint.ad, §Ild...i ts melting range 
agrees well With that of other workers. 
Tetramethylammonium Picrate 
Preparation of Silver P~crate 
The technique used was that o~ Philbrook and Massey (38). 
"Silver hydroxidett was prepared by. the slow addition with vigo-
' 
rous stirring of NaOH (Baker's Analysed Reagent, 4.8g., O.l2m.o1e) 
dissolved in lOOml. of distilled water to AgNo3 {Bakerrs Analysed 
Reagent, 20g., O.l~ole} dissolved in lOOml. of distilled water. 
·The p:t>ecipitated ttsilve:t> hydroxide" was .washed twice by decan-
tation with distilled water, filtered, and transfer:t>ed to a 250cc. 
beaker containing 70cc. of diethyleneglycol monoethylether 
(Eastman Kodak Co. nWhi te Labelff). 
- -
Air dried picric acid (Eastman Kodak Co. "White Label, 11 
26g., O.llmole) was added with stirring and the intermittently 
stirred mixture heated on the hot plate at 90-95°C. for for-ty-
five minutes. The very viscous solution was filtered with .suc-
tion thru a sintered glass funnel in order to remove a small 
quantity of unreacted nsilver hydroxide.u 
The filtrate was diluted with twice its volume of water 
and chilled in an ice bath to insure complete precipitation. 
The "oat-like" gold colored solid was -filtered free of solvent 
and washed in the ~~tared glass funnel with lOml. of ice cold 
distilled water. It was then dried by pressing with filter paper, 
washed by decantation with three-lOOml. portions of benzene~ 
(Eastman, 11White Labeltt) refiltered., and washed on the funnel, 
first with two-50m1. portions of." benzene, then with three-50ml.. 
portions of petroleum ether (Baker's Analysed Reagent). The 
silver picrate was then dried in vacuo at O.lmm. over CaCl2 :ror 
twenty-four hours, protected from light by wrapping in alum-
inum foil. No analysis of this intermediate was perf."ormed since 
the authors (38) state, nthe silver content was determined by 
the method of metal residues and agreed with the theoretical 
within the limits of experimental error; also this metho4 gives 
the anhydrous form. of silver picrate .• n Since silver picrate 
has been employed as a detonator, it was handled with approp-
riate precautions. It flash explodes violently when heated ... 
in an open f." lame. 
Tetramethylammonium picrate was prepared by metathesis of 
the twice recrystallized iodide (4.2g.-, 0.021 moles) with-a 
slight excess of silver picrate (7.5g., 0-.022 mole) in 250cc. 
' 
of refluxing absolute methanol. The rea-ction was comp_leted 
within half an hour as indicated by the yellow-white curdy Agi 
precipitate and the absence·o~ any turbidity when silver nit-
rate was added to a filtered portion of the reaction mixture. 
The warm reaction mixture was fil tared rapidly, and the 
Agi precipitate was extracted three times with 50ml. portions 
of warm absolute methanol. The resulting homogeneous gold so-
lution was cooled overnight at 5~0.; -further cooling in an ice 
bath yielded more of the long delicate gold needles. The pre-
cipitated picrate was filtere4 free of solvent, washed with pe-
troleum ether, and recrystallized.from absolute methanol. It 
was then washed with petroleum ether and dried in vacuo in an 
Abderhalden apparatus at 6o~c .. (p = O.lmm.) for twenty·d"our 
hours over paraffin and P205, protected from light by wrapping 
w:tth aluminum foil (weight 4.0grams). An aqueous hydrochloric 
acid solution of this solute had no turbidity. This picrate 
also flash explodes when heated in an open flame. 
Elemental analysis (40) were performed twenty-four months 
after preparation. Found: c, 40.00%; H, 4.79%; N, 18.37%. 
Calculated for C1oH40~3 : C, 39.74%; H, 4•67%; N, 18.54%. 
Methylpyridinium Picrate 
This salt was prepared by metathesis of the iodide (3.1g., 
O.OJ.4 mole white powder - see previous preparation) with a 
slight excess of silver picrate (5.og., 0.015 mole) in refluxing 
absolute methanol (100cc.). The reaction was completed within 
one hour as· indicated by the yellow-wh2te curdy Agi precipitate 
and the absence of any turbidity when silver nitrate or dilute 
HCl was added to a filtered portion of the reaction mixture. 
Cooling the filtered solution in an ice bath for one hoUF 
yielded the .flocculent gold-yellow picrate. It was .filtered, 
washed with petroleum ether and recrystallized .from a concen~ 
trated solution in absolute methanol. Washing with petroleum 
ether and drying at 6o~c. (p = .. olmm..) in an Abderhalden appa-
ratus over paraffin and P205 for twenty-four hours(protected 
.from light)yielded delicate gold yellow needles, m.p. 115.5 -
116.5 (clear light green melt) •. Its color is identical with 
that of tetramethylammonium picrate and it also flash explodes. 
The melting point of a mixture with ~-Methylpyridinium Iodide 
was 105-108°0. 
Elemental analysis (40) were performed twenty-four months 
after preparation. Found: C; 45.45% and.45.6o%; H, 4.30% and 
3.82%; N, 17.48%. Calculated .for c12H1oN40?: O, itlJ..72%; H, 
3.13%; N, 17.39%. 
MethylpYpidinium Perchlorate 
This compound was prepared by metathesis of the analyti-
cally pure iodide (3.lg., 0.014 mole) with a stoichiometric 
amount of Ag0104 (2.8g., G. Frederic~ Smith Co., Reagent Grade-
anhydrous). Each reagent was predissolved in 15m1. of ~bsolute 
ethanol. A curdy yellow-white precipitate of Agi immediately 
.formed upon miXing the two solutions; even so, to insure 
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completeness of the reaction, the solution was refluxed for 
ten minutes. A filtered portion of the reaction mixture gave 
+ -negative tests for both Ag and I • 
When refluxing was stopped, the liquid phase bad a faint 
white cloudiness. Filtration of the reaction mixture was fol-
lowed with extraction of the precipitated silver iodide with 
three-40m1• portions of hot absolute ethanol. A delicate floc-
culent white solid immediately formed in the filter flask; the 
liquid phase was clear and colorless. Petroleum ether (50cc.) 
was added to throw out all of the perchlorate present (2.lg., 
0.01 mole; 80% yield). 
· The filtered white powder was washed with petroleum ether 
and dried under vacuum (O.lmm.) over CaS04 for two hours. Its 
melting point was 135-6~.0. It gave a colorless melt. The' 
dried perchlorate was recrystallized from absolute ethanol and 
petroleum ether, washed with petroleum ether, and dried in an 
Abderhalden apparatus at 40°0. (p = 0.1mm.) over P205 for four-
teen hours (2g., 76% yield). The dry white powder melted at 
136.0-136~5ila. to a clear colorless melt. It .flash exploded 
when heated in an open flame. The reported melting point is 
Elemental analysis (40) were performed eighteen months 
a.fter preparation. Found: C, 36.48%; H, 4.80%; N, 6.87%; Ol, 
17.54%., Calculated .for C6R8NCl04: a, 37.22%; H, 4.16%; N, 
7.24%; Cl, 18.32% • 
. On NoVember 15, 1955 a 1.9g. sample o.f this salt was sent 
to Dr. N. N .• Lichtin by E. M. Kosower, stored in a screw cap 
vial with the following notice. "J.-MethyJ.pyridinium Perchlo-
rate is slightly hygroscopic--may be dried over P205 or other 
sui table drying agent before use • 1.1 ttThis material is spec-
troscopically .free o.f I-, m.p. = i36.:.137~0., £max. = 4720 (Emax. 
MePy+ + I- is 4830-)." It was immediately stored over P205 as 
received. 
The .following comparisons were.noted: 
This preparation 
136.0 - 136.5 
White 
Amorphous 
M.P. 
Color 
Appearance 
Tetrametnylammonium Perchlorate 
Kosower•s preparation 
J.3 6-13 7 ° a. 
White 
Crystalline 
Tetramethylammonium· Iodide (E. K. Company uWhi te Label u) 
was recrystallized twice from preboiJ.ed distilled water. The 
first mother liquor was green; the second was colorless. The 
white_crystalline iodide was dried in.a vacuum desiccator at 
O.lmm. for forty-eight hours over P205. 
The product of' an attempted metathesis of' the iodide with 
silver perchlorate (G. Frederick Smith Go., Reagent Grade---
anhydrous) in absolute methanol was discarded due to the dev-
elopment of' a green color in the reaction m~xture. The follow-
ing procedure was preferred since no color developed through-
out the entire sequence. 
The puri~ied iodide (3rlg., 0.0154 mole) dissolved readily 
in about 85cc. o:r prebo!_led distilled water to yield a color-
less solution. A dilute, colorless, aqueous (40cc.) solution 
o:f silver perchlorate (3 .2g., 0.0154. mole) was similarly pre-
pared. Slow mixing with simultaneous stirring o:f the two re-
actants yielded the expected silver iodide precipitate. A. 
slight excess o:f silver perchlorate was necessary in order to 
obtain a negative iodide test. The colorless reaction mixture 
was :filtered :free o:f the iodide, concentrated to one-half its 
original volume, and cooled to +5~0. overnight. This :first 
crop was then recrystallized twice :from hot preboiled distilled 
water and underwent preliminary drying in a vacuum desiccator 
over drierite at 0.1mm. :for several hours. The white needles 
were then pulverized to a :fine powder and dried at 0.1mm. over 
P205 :for :four days. 
Later on in the investigation elemental analyses were ob-
tained on several of the solutes examined. Since the original 
sample of this solute could not be :found, a :fresh sample was 
prepared in an identical manner~ Elemental analysis (40) gave 
the :following results. Found: O, 27.90%; H, 7.22%; N, 7•74%; 
Ol, 20.20%. Calculated :for 04H12NCl04: o, 27.67%; H, 6.97%; 
N, 8.07%; 01, Fo.42%• 
Tetraethylammonium Bromide 
The commercially available bromide (Eastern Kodak Co., 
ttWhite Label11 ), a :fine white powder, was recrystallized twice 
:from colorless solutions in absolute ethanol by the addition 
o:f anhydrous ether. The :fine white powder was dried at O.lnnn. 
:for :forty hours over P205 and paraffin. Two refined micro 
Volhard analyses indicated 37.8!0.0% bromide. The theoretical 
bromide calculated :for C8H2oNBr is J8.o%. 
.... 
Preparation of Tetramethylammonium Fluoroborate 
Preparation of Fluoroboric Acid 
Fluoroboric acid was prepared by the tecbniqu~ described 
by Hildebrand (14). A 4.6g. portion of 49-5% hydrofluoPic acid 
(2.28g. 0.114 moles; Baker•s Analysed Reagent) was poured into 
a wide mouth polyethylene container which was cooled in an ice 
bath. Anhydrous boric acid (1.8g.; 0.029 moles; a. P. Howe and 
French) was added in small portions to the cooled acid. Each 
portion was allowed to dissolve befor~ more was added. The 
1ast traces were dissolved by gentle heating on a steam bath. 
The acid prepared in the above manner :1 has a specif'ic 
gravity of i.45 and,should give no test f'or fluoride. The acid 
prepared in this laboratory gave a positive f'luoride test; the 
presence of fluoride ion decreased as the solution was concen-
trated. The solution was theref'ore concentrated on a steam bath 
until the test for f'luoride ion.was very faintly positive. 
The contents of a freshly opened bottle of' tetramethyl-
ammonium hydroxide (25g., lo% in water; Eastman Kodak Oo,., 
ttWhite Labeltt, 0.027 mole) was poured, with stirring, into the 
' -
slight excess (0.029mole) of' fluoroboric acid, contained in a 
polyethlene beaker and cooled in an ice bath. A.pearl white 
crystalline precipitate illlmediately formed; the cooled mixture 
Was stirred f'or f'ive.minutes. ·The crystalline fluoroborate was 
filtered f'~ee of' solvent tbru a sintered gl~ss funnel, and washed 
three times with eold distilled water (5g., (wet)); 100% yield= 
4.4g.). 
The Tetramethylammonium Fluoroborate was recrystallized 
- . " 
twice f'rom warm N .N .-Dimethylf'ormam.ide (E:• K. Oo.-, nWhite Labeln). 
Each crop was l·eached on the sintered glass f'unnel with 3-20cc. 
portions of' acetone. Af'ter drying at O.J.mm. over P205 f'or f'our 
days, the salt gave no test f'or fluoride ion. 
Elemental analyses (43) gave the following results. Found: 
O, 29.56 and 29.82%; H, 7·34 and 7•14%; F, 46.88 and 47.28%; 
Calculated f'or 04H1~BF4: 0, 29.8~; H, 7.52%; F, ·47•21%. 
' The fluoride ion test is performed in the following man-
ner. Five milliliters of' lN Ca(N03)2 is added to the solution 
of' the f'luoroborate. This solution is then made alkaline with 
6N NH40H and then just.acid with 6N acetic acid. The solution 
is then brought to a boil; af'ter standing at room temperature 
f'or about ten minutes, the presence of' F- is indicated by a 
f'inely divided white pr~cipitate. 
Oycloheptatrienyl Bromide 
A 33mg. sample of' this compound, as a green amorphous pow-
der, stored under vacuum in a suitable container, was sent thru 
the-courtesy of' Dr. Hyp Dauben to Dr. N. N. Lichtin of' these 
laboratories. It remained as received, wrapped in aluminum 
f'oil, until aliquots were distributed in the dry box. 
Since nothing was known about the stability of' this com-
pound, it was decided to treat it both as an oxygen and mois-
ture sensitive compound, and as a reasonably stable compound• 
Such an approach should lead to information about its stability 
during the period of investigation thus demonstrating any ne-
cessary precautions for handling it in Subsequent investigations. 
Also, such ~ormation could be used for approximating its 
stability prior to re~eiving it. 
Therefore, conductance measurements were performed on 
three samples of the bromide, each with a different nexposure" 
history prior to its dissolution in sulfur dioxide; all runs 
were made with de-gassed solvent. As a result of these inves-
tigations, it was concluded that precautions in handling cyclo-
heptatrienyl bromide need be no more than those exercised in 
handling a fairly easily hydrolysed compound. Furthermore, 
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this experimental evidence strongly suggests that it is un-
likely that deco.mposition occured prior to receiving the sample. 
(a) Vacuum Dey Box 
The dry box used in the sampling of the bromide was de-
signed by Lichtin and Thomas (29), and later modified by Le£tin 
{24). Arter leading it with the neeessary equipment, it was 
sealed and evacuated twiee to .o~., and filled each time with 
11Dry, Water Pumped Nitrogen.tt The traces o£ moisture were re-
moved by exposure o:f the sealed atmosphere to a .frequently re-
generated sur.faee o:f phosphorus pentoxide :for a period of pne 
hour. 
The nitrogen used was that supplied in pressurized tanks 
by the Linde Co., under the name nRigh Purity Dry Nitrogen." 
The industrial assay is reeorded as .follows: Minimum Purity: 
99.99%, Moistur.e: 15 grains per 1,000 Cubic Feet, Balance: 
• 01% which has a maximum of .oo5% co2 • Flushing the dry box 
and :further drying with phosphorus pento:x:ide was considered to 
give the required inert atmosphere. All glass apparatus used 
in the dry box was cleaned, rinsed .free of traces o:f acid and 
dried overnight at 120°0. in an oven. 
(b) Sampling Technique 
During the preparation of the dry box, the bromide, in its 
original container, underwent further drying with the aid of 
an auxiliary external table-pump system. When ready for samp-
ling, the vacuum in this container was conveniently broken to 
admit the dry box atmosphere. The solid was noted to have main-
\ 
tained its original color and texture, and was in a very dry 
state as witnesse-d by its simple and complete transfer over the 
many glass surfaces involved in the sampling procedure. 
With the aid of a long narrow stemmed funnel which con-
veniently fitted down the neck of the sample bulbs (Fig. 4) 1· 
a small amount of the bromide was easily transferred to the 
bulb portion without contaminating the neck of the unit, thus 
later affording a olean seal. In this way four identical sam-
ples were obtained. The bulbs were then placed on the sampl-
ing pig (Fig. 5), the joints of which had been previously greased, 
and this system was evacuated to secure the bulbs into posi-
tion; the greased joints were rotated to insure the vacuum. 
The stop-cock was then turned to a neutral position. 
The membrane sealed sample bulbs had been prepared from 
olean, alkali..:rinsed glass ware, tested for pinholes and an-
nealed at 580°0. After determining the volume of each bulb 
and calibrating the neck portion by the displacement of water 
added from a burette, the bulbs were rinsed three t~es with 
c. P. acetone followed by c. P. petroleum ether. After drying 
in an oven at 120°0., they were cooled in a desiccator, and 
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Figure 4 
Sealed Bulb 
Figure 2 
Sampling Pig 
weighed on a semi-micro balance against a suitable tare to the 
nearest o.olmg. 
Three small ground glass stoppered weighing bottles, of 
the type used throughout this research and described elsewhere, 
were also filled with small amounts of the bromide ~d are 
herein designated, for convenience in identifying the solute's 
nhistoryn, as samples, w.p. -I; w.p.- II;.w.p.- III. The 
. ~ . . 
dry joints of the bottles were rotated to a snug fit in order 
to minimize diffusion of air into the bottles upon removal from 
the dry box; unfortunately, the bulkiness of the gloves and the 
small size of the weighing bottles did not allow the close fit 
that would be obtained by use of small spr~s. 
The unused portion of the bromide was placed into its 
original container, evacuated for one hours and then its stop-
cock turned to the neutral position. The sample cow was then 
connected to the external table pump system, and its evacuation 
resumed. The dry box was then opened. 
(c) Weighing-bottle samples 
48 
The filled weighing bottles were immediately spring-clamped 
and transferred to a desiccator which contained phosphorus pen-
toxide. Two of them, w.p. - I and w.p. - II, were immediately 
. . 
used tor runs YP-58 and YP~59 respectively; these two runs are 
defined as ttvigorous nor:ma.111 runs in the light of both the li-
mited exposure to normal atmosphere and the following innova-
tion. Two cells, which had been previously set up on the vacuum 
line were flushed with dry nitrogen after evacuation of the line 
to .OJ.mm •. ; they were maintained at a pressure of .OOJ.mm.. during 
the.. .dry .. box .sample dist.rihu.tion.. .When a .weighed sample was 
ready for introduction. into i.t.s. respective cell, dry nitrogen 
was again admi.tted •.. These runs. repres.ent an accurate amount 
of' solute which. has been. expos.ad. to .. a. minimum .amount o:f oxygen 
and moi.sture • 
. The contents o:f. w .• :p .... - III were sto.re.d .. in. .. an evacuated de-
sica,tCJr over phosphorus pentoxide . .:for .. abo.ut .. f'orty~~ight hours. 
When ready f'or int.roduction.into. the. cell. as Rtm YIP'-61, the 
'Vacuum was broken with air, which was dried. by passage through 
a iong column of' Drieri te.. This run. is .. considered a "normal 
rt111", since~ in essence, the precautions. exercised were those 
extended to the other.solutes measured. 
(d) Membrane Sealed Samples 
Shortly·af'ter the dry box was opened the stop-cbck on 
the sample eow was turned to the n.eutral position, the cow was 
discdrmected :from the external table 'pump and qui.ckly connectE;t.i 
to the high vacuum line via a standa.rd .. tap.er j.oint. Af'ter 
evacuation o:f the line to _.OOlmm.., each sample bulb was slowly 
and :n:tethod:ioally sealed. wi. th .a gentle. i'lante ;. the region co-
llapsed 'w.as. abo.ut. haJ:f .the dista:nc.e. -~betw.een the solute. and 
the .. greased. joint.. !n. this manner. f'our.f'i.lled. evacuated ali-
quota were obtained • .All seals were checked:f'or pinholes~ 
The bulb portions were covered with aluminum foil and 
placed in a large desiccator over ttnrierite.tt The neck por-
tions were cleaned with benzene~ then immersad ~ the acid bath, 
rin'B~'d with hot water and dried overnight .. at 12Cf,4ID. i:n an: oven; 
~pon removal f'rom the. oven they were allowe.d tQ cool in a· 
desi-ccator. 
Measurement of Sealed Bulb Samples 
The sealed-bulb sample and its clean dry neck were weighed 
on a semi-micro- balance to the nearest o.olmg. A correction 
for the weight of ai~ amounted to 2-3mg.; no correction was 
applied for the volume of air occupied by the solute. Conduc-
tometric measurements with this kind of bulb are adequately 
described by Leftin (24). Measurements on the two sealed-bulb 
samples are recorded as YP-60 and YP•62. 
Discussion 
The data collected are represented in Table llA and Figure 
1~~ As Figure llAshows, excellent reproducibility was obtained 
between YP-59 (vigorous normal. run), and YP-60 and YP-62 (se-
al.ed-bu1b runs). Run YP-61., a normal run, was about 2% high; 
YP-58, which was performed simult~eously with YP-59 was about 
4% too high. Both runs.are parallel to the three reproducible 
runs., and were not considered since they demonstrate a weigh-
ing error. Furthermore, the weight of solute used for YP-61 
was only about.5mg. and lends support to the above conclusion. 
In essence, the parallelism that exists demonstrates that the 
solute is quite stable to both hydrolysis and decomposition. 
This conclusion is further supported by the results of the 
analyses. 
Analysis of Bromide 
The evacuated shipping vessel which contained the unused 
portion of the bromide was stored, protected from light, in a 
desiccator. At the earliest possible time, it was connected 
to the high vacuum line and kept under vacuum. Prior to removal 
5o 
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of a sample for analysis, the shipping vessel was filled with 
dry air. The sample was removed and quickly manipulated' tbrl)ugh 
the Refined Micro Volhard which is adequately described else-
where. The results of this analysis, perfor.med on two samples, 
was 46.6!0.1% bromide~ The theoretical bromide calculated for 
C7H7Br is 46.7%• 
Two.of the membrane sealed samples, the combined weight 
of which was about 15.5mg. were submitted to the analyst (7) 
for elemental analysis. The calculated and exper~ental results 
are as follows. Found: C, 49.o%; H, 4.1%;i Calculated for 
C7H7Br: C, 49.1%; H, 4.1%. 
The results of the two different analyses demonstrate 
that the Oycloheptatrienyl Bromide investigated was a pure co-
mpound. Its appearance as an amorphous powder is evidently due 
to the crystallization procedure; the color, green, is more 
likely its color rather than that of an undetectable, highly 
colored ~purity.-
Triphenymethylpercblorate 
(a) Reagents 
(1) Triphenylmethylcarbinol: Eastman Kodak (White Label) 
recrystallized from ethanol. 
(2) Perchloric Acid: 70% Merck Reagent Grade. 
(3) Acetic Anhydride: Merck Reagent Grade. 
(4) Benzene (Eastman Kodak Co., White Label) was distilled 
free of the water azeotrope and the middle portion was collec-
ted. The distillate was then dried by refluxing with P205 and 
a middle portion of distillate was again collected. 
(5) Nitrobenzene: (Matheson, Coleman and Bell) was dried 
over P205 for several days then distilled at atmospheric pre-
ssure. About lOOoc. of forerun was discarded before collecting 
the middle portion. 
(6) Ether (Baker's Analysed Reagent) was refluxed and dis-
tilled in the presence of LiAlH4. 
(b) Preparation 
The only preparation or the solute described in the liter-
ature is that or L~fschitz and Girbis (30). U~ortunately these 
authors did not analyse their product and their descriptions 
o:t' experimental detaiJ.s were so brie:t' that very little, i:t' any, 
i~ormation was obtained. The independent preparation used in 
this investigation is described below. 
A 7.5g. portion o:t' Triphenyloarbinal (~Q28m.~ was dissolved 
easily in J.5oc .. o:t' acetic anhydride. A 3.3g. portion o:f 70% 
HCJ.04 (0.02m.), after precooling to 0°0. was mixed with 20cc. 
o:t' acetic anhydride (cold). The reaction was slightly exo-
thermic and the solution t~ned pale green. 
The cold carbinol solution was added to the perch1oric 
acid solution and the reaction mixture was kept at 45°0. for 
about :fi:fteen minutes. During this time the reaction vessel 
was protected .from the atmosphere by means o:f a CaC12 drying 
tube. The addition or lOOcc. of benzene with subsequent cool-
ing in an ice bath yielded a gold-yellow powder. The filtra-
tion and ether washing or the crude perchlorate were carried 
out under a nitrogen atmosphere. The product was then trans-
.ferred to a desiccator which contained P205 and placed in the 
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dry box which had previously been stocked with the necessary 
equipment. Atter sealing the dry box and-equilibrating it with 
the atmosphere by means of a large tube of OaOl2 , a bottle con-
taining P205 was opened and evacuation ot the desiccator con-
taining the perchlorate was initiated. A ten hour period served 
tor poth drying the air in the dry box and drying the perchlo-
rate. 
'The vacuum in the desiccator containing the perchlorate 
was broken in the dry box and a melting point sample of the 
perchlorat~ was transferred to a capillary which was then sealed. 
On heating, t~e orange-green solid changed to orange red by 
ll0°0., :~'Sintered at 138~0., and melted without flowing at 
139.5-141°0., to a deep red melt. 
The rest ot the perchlorate was recrystallized in the dry 
box in the following manner. The perchlorate was dissolved in 
50cc. of nitrobenzene by warming at 50°0.; the so1ution was 
deep red. The solution was then filtered tree ot a s.mall amount 
ot solid which failed to dissolve and about l25cc. of benzene 
was added to the filtrate. The solution was then cooled to 10°0. 
and the crystals filtered. The orange-yellow powder collected 
was washed once with benzene and three times with ether; it 
was then dried at room temperature for twelve hours at o.oolmm. 
over P2o5. Stopcock grease .was not used on any of the equip-
ment in order to avoid possible contamination. On heating in 
a sealed tube this orange-yellow powder turned to orange green. 
It became red at 135°0., sintered at 138.5~0. and melted at 
141.5-142.5°0. to a deep red melt without flowing. Duplicate 
acidimetric analyses showed 29.oto.1% perchlorate. The theo-
retical perchlorate calculated for CJ.9H150104 is 29.0%. 
In order to minimize the possibility of decomposition upon 
stand~, the perchlorate was stored, protected from light, over 
P2 05 at 0.-00lmm. between runs. Furthermore, only seven days -
were.required to prepare, purify, analyse and collect the ne-
cessary conductometric data on the perchlorate. The data col-
lected are presented in Tables 9-A and 9-B, and 1n Figures 9A 
and 9B. 
The analysis was performed in the following manner. A 
small sample (approximately 0.2g.) of the perchlorate was dis-
solved in lOco. of absolute ethanol, contained in a stoppered 
erlenmeyer, to yield a colorless solution. Ten co. of approx-
imately O.IN(aq.) NaOH was ~dded with a volumetric pipette. 
The ether immediately precipitated as a light cream solid lea-
Ving a colorless supernatant solution. The solution was then 
swirled intermittently for one hour and then the excess alkali 
was titrated to a phenolpthalein end point with approximately 
O.lN(aq.) HCl using a semimicro-buret (calibrated to 0.05ml.). 
The perchlorate can be precisely analysed by the af.ore-
mentioned acidimetric titration. Only one attempt was made to 
recover and identify the hydrolysis product formed in the ana-
lytical scheme. A Oe1.825g. sample of the analytically pure 
perchlorate~ (loo.oto.l% of theoretical 0104-) was dissol~ed in 
ethanol, neutralized with NaOH and then diluted to 125ml. with 
distilled water. It was cooled at 5oa. overnight. The light 
cream precipitate w~ch formed was filtered by suGtion tbru a 
small weighed sintered glass funnel~ It was then washed well 
with distilled water and dried over CaCl2 in a vacuum desicca-
tor. The material recovered weighed O.l504g.(UO% based on 
the ethyl ether)$ and had a melting point of 80-82~0.; reported 
(34) melting point of the ethyl ether is 81.3~0 • 
. 
Elemental analyses (40) were performed on the perchlorate 
after twenty-four months storage at -5.o:.c. Found: C, 63.78%; 
H, 5.24%; Cl, 8.43%• Calculated for C19H150104: C, 66.57%; 
H, 4•41%; Cl, 10.34%• 
The re5Ults of the elemental analyses along with earlier 
experience with this solute strongly suggests that decomposi-
tion took place during the long time of storage despite the pre-
cautions taken. The sample sent for analysis was distinctly 
brown. 
ANALYSIS OF SOLUTES 
Various volumetric techniques were considered with the 
attitude that whatever technique was employed 8 it should be 
rap:i.d, have an unambiguous end- point, and be applicable to 
the iodides used. Three established analyses (18) were con-
sidered: 1. Clear End Point, 2~ Use of Eosin as indicator, 
3. Volhard. 
Clear End Point 
A standard silver nitrate solution is added slowly with 
shaking, to an aqueous dilute ( (.. 0.04N) solution o:f iodide. 
About 1% before the equivalence point, Agi begins to pre-
cipitate; dropwise addition is continued until the superna-
tant solution is clear. In the case o:f the organic iodides, 
the supernatant solution remained cloudy even after an excess 
o:f silver nitrate had been added. 
Eosin as Indicator 
A :few drops o:f O.lN solution (?O% alcohol) o:f the indi-
cator is added to an aqueous dilute solution o:f the iodide 
(( 0.05N), and then 10 drops o:f 6N HOA.C. The iodide is then 
titrated \vith standard AgN03. About 1% before the end point, 
:flocculation appears. The addition is continued slowly until 
an intensely colored red precipitate appears. With organic 
iodide both the solution and precipitate undefivent a gradual 
change to pink and then red thus presenting an ambiguous end 
point. 
Volha.rd 
Five ml. of 6N HN03 is added to 25-50ml. of the iodide 
solution. A known excess of standard silver nitrate is added 
and then a few drops of the indicator (saturated ferric alum 
solution). The excess of AgN03 is titrated with standardized 
KCNS 1 the first color change is orange-red; addition is con-
tinued with vigorous agitation ~ti:k-a brownish tinge, which 
is persistant on shaking appears. With the organic iodides 
the results were persistently low, which was probably due to 
the flocculant precipitate which obscured the end point. 
Refined Volhard 
A weighed amount (ab.out 0.2 grams) of the iodide was 
immediately dissolved in 25ml. of distilled w~ter contained 
in a 500ml. glass stoppered erlenmeyer, the air in the flask 
having been displaced by the addition of a few chips of dry 
ice. The solution in every case was clear and colorless and 
was protected from light throughout the analytical .scheme by 
aluminum foil wrapped around the flask. A pre-calculated 
excess of O.l426N AgN03 was added with a volumetric pipette, 
and the stoppered flask shaken vigorously at ten minute in-
tervals for thirty minutes. The flask then contained a heavy 
yellow-tinted curdy precipitate beneath a murky white super-
natant solution. The addition of 5cc. of concentrated EN03 
significantly clarified the supernatant solution. Ten drops 
of indicator was then added without the development of any 
color .. 
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Ninety-five percent of the theoretical amount (based on 
lOQ% iodide) of o.5o58N KGNS was added from a burette and the 
stoppered solution ahaken thoroughly. The KCNS was then added 
in such a manner that after each drop the solution was shaken 
thoroughly and then allowed to settle to facilitate identifi-
cation of the orange color of the supernatant solution of 
KCNS. Sensitivity and reproducibility were excellent. 
Preparation. of Standard AgN03 · 
The contents of a freshly opened bottle of Merck Reagent 
Grade AgN03 were pulverized and dried overnight at 150°0. 
The AgN03 was then cooled in a desiccator over CaOl2 _and a 
weighed amount was diluted to the liter mark with distilled 
water. 
Standariza.tion of KCNS 
An approximately O.l5N KCNS solution was prepared, and 
titrated against 25.00ml. of the standard AgN03 in the pre-
sence of 5cc. of 6N HN03 and five drops of indicator. The 
end point used was the appearance of the first tint of orange; 
this color could be precisely established by direct comparison 
with a similar amount of solution containing an excess of 
AgN03 • The end point was reproduced with a precision of 
+ . d! 
-O•lJo• 
The preparation of the solutions~ standarization of the 
KCNS, and analysis of the iodides were all done withhrafive 
hour period. The refined Volhard is superior to the standard 
Volhard for the following ~easons. 
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l. Exclusion of' o2 and light. 
2. Reproducible and unambiguous end point. 
3. More quantitative results. 
4• Foremost in the author's experience Ls the f'act 
that a heavy and not a f'l.occulent precipitate is f'ormed. 
Thus presenting a clear supernatant· solution, the color of' 
which is easily identif'ied. 
Ref'ined Micro Volhard 
The ref'ined Volhard technique used f'or the analysis of 
the iodides was also applied to the two bromides; cyclohepa-
tatrienyl bromide .and tetraethylammonium bromide. The amount 
of cycloheptatrienyl bromide on hand, about lOOmg. neceessi-
tated the development of' a quantitative semi-micro t~chnique. 
'.T.o minimize errors in dealing with semi-micro quanti-
ties the refined Volhard was altered in two respects. First, 
the pre-calculated amount of silver nitrate was weighed to 
the nearest .Olmg. on a semi-micro balance using a weighing 
pig and was introduced directly into a flask.Dissolution, in 
about 25cc. of distilled water, immediately followed. Second, 
the respective bromide was also weighed on the semi-micro 
balance and introduced directly into the silver nitrate solu-
tion. 
The amount of' tetraethylammonium bromide did not neces-
sitate a micro technique as did the cycloheptatrienyl bromide. 
Nevertheless, it was reasonable to assume that if the ana-
lytical scheme gave reproducible and quantitative results 
f'or what was considered to be pure tetraethylammonium bromide, 
the analysis reported for cycloheptatrienyl bromide would 
gain further support. 
The reliability of this technique is demonstrated by 
the agreement of the duplicate analyses of the "purett tetra-
ethylammonium bromide that is, 99·9 t O.l% of theoretical 
bromide; the analysis reported for the cycloheptatrienyl 
bromide, that is 99.9 ~ .1% of theoretical bromide is further 
supported by the elemental analysis reported on page 
Summary of Results 
Table 8 contains a tabulation of all the solutes examined 
along with the analytical results. Except for the first two 
solutes listed, all the solutes were prepared for this inves-
tigation, and aliquots from a single batch were always used. 
'·As listed, only methylpyridinium. perchlorate allows a com-
parison with a solute prepared by another investigator. 
Table 9 summarizes the melting point data. 
6cr 
TABLE 8 
Analysis o:f Solutes :for Anion 
%Anion 
Solute Tecbnig,ue The or. FoUlld 
Potassium Bromide(a) 
66.8 
Refined VoJ.bard 67.1 67.0 
6).1 
Tetramethylammonium Iodide Refined VoJ.bard 63.1 62.9 
Tetramethylammonium Perchlorate 
Tetramethylammonium Fluoroborate 
Tetramethylammonium. Picrate-
37.8 
Tetraethylammonium Bromide Micro-Volhard 38.0 37.8 
40.5 
40·7 
Tetra-n-propylammonium Iodide Refined Volhard 40.6 
Micro-V qlhard· 
46.5 
Gycloheptatrienyl Bromide 46·7 46·7 
57.2 
.Methylpyridinium Iodide Refined Volhard 57·4 57.1 
Methylpyridinium EercbJ.o;ate(b) 
Me_thylpyridini um Pi era te 
28.9 
Triphenylmethyl Perchlorate Acidimetric 29.0 29.2 
(a) Samples used were :from lot prepared by Le:ftin (24). 
(b) One sample :from lot o:f E. M. Kosower.used :for run YP-53. 
Solute 
TABLE 9 
Melting Point of So1ut es ( 0 0. } 
Found 
Tetramethylammonium Picrate 
Lite~ature 
Methylpyridinium Iodide 115.5-116.5 116'(a) 117(b) 116-117(c} 
Methylpyridi~um Perchlorate 136.0-136.5 130Ce) 136-137(f) 
Methylpyridinium Picrate 115.5-116.5 107-110(g)l13-1~(h=l} 
' 
109-110(h-2) 1J.4..5(k) 
Tripheny1methylp~rch1orate ~1.5-142.5 150(d) 
(a} Rantsch, A • .J Ber., ~" 81 (1909) 
(b) Prescott, A.; B. J. Am. Ohem. Soe., 18, 91 (1896) 
(c) Kosower, E. M • ., J. Am. Ohem. Soc. 1J_, 3883 (1955) 
(d) Gomberg, M. and Cone, L. H., Ann. 370, 142 (1909) 
(Reported Titrimetric Analysis for 0104 = 29.03, 28.60, 29.10, 
28.~06 28.70) 
(e) Ismai1skt., V. A., J. Russ. Phys. Ohem. Soc., 2g, 348 (1920) 
(f) Kosower, E. M., Private Communication 
(g) Kohn., M. and Graver., F., Monatsch, ~~ 1751 (1904} 
(h) 1. MlThler J. Russ. Phys. Chem. Soc., kl1 440 (1902) - needles 
2. Rhombohedvons m.p. = 109-110°0. 
(j) Lossen,· B., Ann., 181, 374 (1875) 
(k) Vorober, N. K., Zhur. Fiz, Khim.,. ~~ 144 (1950) 
CalibratLon o£ Thermometers 
Two Beckmann thermomet;ers have been used in this labora-
tory by several. workers.; a 0° Beckmann. (B~aek. #I) and a -8.9°C. 
Beckmann (Black #2). The settings. on the.se . two thermometers 
were not checked since the size. o~_the mercury resevoirs pre-
vents loss. or. the setting at room. t.emperature.. Assuming these 
settings to be correct, three other Beckmann thermometers were 
calibrated by intercomparison so that the entire range o£ use-
£ul measurements was covered. Two or the settings determined 
by Vignale were rechecked. 
The data collected are assembled in.the £allowing table 
in which the centigrade reading is £or the o.ooo point o£ 
the corresponding Beckmann thermometer. 
Beckmann 
Bl.ack..#l 
Black #2 
No Mark 
T-10 
yellow 3 
-4.'24o(a) 
-9.240( a) 
-14-.Bl.o(b) 
-20.585(c) 
-20.465(b} 
-25.765{e} 
-25.595(b) 
(a) Previous Workers (Glazer H • ., and.Le£tin R.P.} 
(b) Calibrated by M. J. Vignale 
(c) Calibrated by this author 
CONDUCTIVITY MEASUREMENTS 
Materials 
Acetone and Petroleum ether: 
These solvents, used ~or washing the conductivity cell 
before each run, were always Baker 1 s c. P. Grade. A portion 
~rom a ~resbly opened bottle was stored in a 500cc. glass 
stoppered bottle for convenience of manipulation during the 
washing. The main bulk of the solvent was kept in its original 
container and portions were removed from it when necessary. 
These precautions were exercised in order to minimize con-
tamination due to exposure to the atmosphere. 
Liquid Sulfur Dioxide: 
The solvent used in all of the conductivity measurements 
was "Refrigeration11 grade sulfur dioxide supplied as a liquid 
in pressurized tanks by the Virginia Sme_l ting Co. under the 
trade name o~ nExtra-Dry ES-0-TOO.u According to the sup-
pliers data sheet (26), this gas contains 0.002% moisture 
and o.l% non-conde~sable gases, i •. e. 99 .. 898% so2. 
This material was ~urther dried in the gas phase by 
passage through two 50 x 2.5cm. columns· of Baker 1s C. P. 
~ 
.Anhydrous magnesium perchJ.ora te (Anhydrone). Each col~ 
contained a one inch band of indicating Drierite to indicate 
when the capacity o~ the drying agent was exhausted. In 
general, the drying agent was changed before any indication 
o~ fading in the Drierite. At least once with every solute 
the condensed dried sulrur dioxide was degassed by pumping 
at -78~c • .for at least one half hour. The specific conduc-
tivity values of the solvent, measured separately after each 
run, are recorded in Tables lA - 12A, ·wherein a variation 
betwe?n 0.34 x lo-7 and 2.8 x lo-7 mhos-cm.-1 can be noted. 
Apparatus and Proced1.1res 
Conductivity Cells: 
The conductivity cell used throughout this research are 
described in the section entitled ttconductivity Cell Work." 
Preparation of Conductivity Cell: 
Before each run the cell (Fig. I) was rinsed with three 
20cc. portions of acetone and then with three 20cc. portions 
of petroleum ether. Residual solvent was removed by pumping 
on a water aspirator and heating the calibrated portions w~th 
an infrared lamp; the uncalibrated portions were heated with 
a brush flame. Occasionally after having run an iodide, a 
green film was present on the walls of the electrode compart-
ments; the baking bad evidently oxidized traces of iodide to 
iodine. This film was removed by rinsing with warm disti~led 
water. The cell was then washed six times with acetone and 
four times with petroleum ether. The cell was next flushed 
and t 
with dried air sealed- at arm D .... to the vacuum line (Fig. 6} 
through the connecting arm K. The opened sample introduction 
arm was closed with a tight-fitting rubber stopper and the 
cell and line evacuated. 
The solute sample (10 - 20mg.) was introduced into the 
clean dry weighing bottle (Fig. 7). The weighing bottle was· 
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A 
made from pyrex glass; the long arms were necessary for sus-
pension on the semi-micro balance. An air tight fit (A) was 
Weighing Pig (Actual Size) 
' Figure 7 
obtained by hand grinding the two ends to a tapered fit. 
Spring clamps, as shown, were used to avoid accidental open-
ing of the weighing bottle and as an added insurance against 
diffusion of air. The weighing bottle, containing an esti-
mated amount of the solute, was weighed on a semi-micro ba-
lance to the nearest O.Olmg. against a suitable tare. 
' The cell and line were then filled with dry air and in 
rapid succession, the stopper at A was removed, the sample 
~dded, the stopper replaced, and then the weighing bottle 
closed and clamped. The weighing bottle was then reweighed 
against the tare. The proportions of the weighing bottle 
(Fig. 7) allowed it to be inserted into the sample introduc-
tion arm thus eliminating loss of solute by transfer; weigh-
ing by difference minimized any error due to solute adhering 
to the walls of the sample bottle. 
J 
Any solute adhering to the walls of arm A was dropped 
I 
to the mixing bulb B by gentle tapping and then arm A was 
sealed. The cell, and vacuum line were evacuated and pumped 
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overnight at a pressure of one micron. 
The following day the run.was initiated in the following 
manner. By manipulation of stopcocks P and ~. the cell and 
drying train could be isolated while the manifold (A) and the 
sulfUr dioxide inlet train (region beyond F, Fig. 6) were 
being evacuated up to the valve of the sulfUr dioxide storage 
tank. The three way stopcock, P, was then turned to connect 
the sulfUr dioxide tank to the drying train. Sulfur dioxide 
was slowly adm.i tted into the line by carer~:- cracking of the 
tank's needle valve. As shown in Fig. 6, it passed through_ 
the drying towers ~ and was condensed in the helices-packed 
trap ~ which was immersed in a crushed dry-ice trichloro-
ethylene bath at -78~0. The rate of flow through the drying 
towers was such that the manometer (beyond E) registered a 
pressure of about ten centimeters of mercury above atmospheric 
pressure. About one hour was required in order to collect 
about 60ml. of liquid sulfur dioxide. 
When the required amount of liquid sulfur dioxide had 
been collected in trap I, the tank valve was closed and the 
.stopcock P was turned to a neutral position. A four liter 
Dewar flask containing Deo-base, cooled to -30°0. by the 
addition of dry-ice, was placed around the electrode arm, F, 
of the cell. Trap J was then immersed in a beaker of water 
at room temperature, and distillation of the sulfur dioxide 
into the cell was thus started. The helices in the trap 
prevented bumping and the possibility of mechanical carry 
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over was eliminated by t~e presence of trap K, situated along 
the path of distillation. When the cell was filled with the 
required volume of liquid sulfur dioxide, trap J was cooled 
to -30°0. and, when the manometer registered a pressure some-
what below atmospheric; the cell was easily sealed off at z. 
Excess sulfur dioxide was removed from the line with a wa~er 
aspirator through stopcock L. 
Thermostat: 
The thermostat used throughout this research was that 
used by Leftin (24) and modified for more sensitive control 
and ease of setting by Vignale (45). These modifications, 
adequately described elsewhere (45), were the introduction of 
a Thermocap Relay which was used in conjunction with a toluene 
thermometer so that control to "t.OOl~G. was obtained. 
Conductivity Bridge 
The conductivity bridge employed in this work was the 
same as that used by Glazer (9) and later modified by Leftin (24); 
I 
it is adequately described by these authors. 
Measurements were made at a set frequency of 2000c.p.s. 
and at an intensity setting of the audio frequency oscillator 
of 50 (Hewlett-Packard Co., Palo Alto, California, Model 200A.). 
The general precision of a resistance measurement was better 
than !o.l%. 
Measurements 
The measurements were carried out by the method of Lichtin 
and Bartlett (25) and since this procedure haa been adequately 
described ~ several places (9,24,45) the details do not war-
rant repetition. 
Physical Properties of Liquid Sulfur Dioxide 
(a) Dielectric Constant 
Leftin (24) fitted Vierck1 s (44) data on the dielectric 
constant of liquid sulfur dioxide at various temperatures 
between -16.5°0. and -68.8°0., to an Abegg (1) equation. 
(3) 
···where G and L are constants and T is the absolute temperature. 
+ A fit with a mean deviation of -0.32% was obta~ed over the 
reported range with the constant G = 95.12 and L = 6.676• 
Using this expression, Leftin calculated the dielectric con-
stant at other temperatures and found that there was good 
agreement with measurements of other workers at single temper-
atures. 
(b) Viscosity 
The variation of the viscosity of liquid sulfur dioxide 
with temperature, from 0°0. to ~40°0. is described by the 
following equation: 
lOOOJ\ = 4·03-0.0363t ( t in ~a.) (4) 
Le.f'tin (24) obtained this equation by treating the data of' 
Luchinaki (31). The mean deviation of' individual experimen-
. + 
tal points is -0.36% ~rom the best straight line. 
These e~tions have been employed in the present work. 
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Use~ul calculated values are summarized in Table 10. 
TABLE 10 
Summary o~ Calculated Values o~ the Dielectric Constant and 
Viscosity o~ Liquid Sul~ur Dioxide 
Temperature 
oc. 
+.175 
+.160 
-5.25· 
-8.90 
-10.71 
-12.50 
-15.56 
-20.58 
-24.99 
-25-40 
D 
15.35 
15.35 
15.91 
16.31 
16.51 
16.70 
17.05 
17.63 
18.16 
18.21 
l\ 103 
(Poise) 
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Experimental Difficulties 
Selection of Data 
Cell #3 was designed to have a small dilution factor 
(approximately 1.5) so that$ as figure 8 shows it provides 
fairly closely spaced consecutive points. Therefore, as many 
as ten points could fall in the region of 2 1 000 to 80,000 
liters/mole using Cell #3, whereas only about five would be 
obtained in this region using Cell #O. Figure 8 shows a plot 
of all the points listed in Table 3A (MePyi at +O.l75°C.) 
within the range of 2,000 to 80,000 liters/mole. The points 
are designated simply as obtained from Cell #0 or Cell #3. 
,As the figure shows, points beyond "the sixth dilution 
using Cell #3 have a conductance lower than that obtained 
using Cell #O at the same dilution. This was also the case 
with several other solutes. Therefore, considering this di-
vergence as arising from an error in the dilution technique, 
the data used in the Shedlovsky calculation for all solutes 
omitted points beyond the sixth dilution with Cell #3. The 
high dilution data for all solutes were obtained using a cell 
with a larger dilution factor; e.g. Cell #O, approximately 2.3. 
Furthermore, the data suggest that the internal dilution tech-
nique when using Cell #3 has a negative error; that is, less 
solute is retained than calculated. 
The error is probably due to the fact that the volume 
diluted is actually more than that calculated since during the 
dilution the volume is increasing in direct proportion to the 
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time taken :for dilution, and so less solute is actually I:'e-
tained. This erl:'ol:' could well arise :from the geometry o:f Cell 
#3. First, a large volume {c:f. Table 7 ) o:f the solution 
is retained :for each dilution. Second, the geometry o:f the 
electrode compal:'tment shown in Figure I is common only to Cells 
#O, 1 and 2, and so the electrode compal:'tment of these cells 
can be drained completely by rotating the cell in the plane 
o:f the papel:'. Cell #3 was constl:'udt~d 1mpropel:'ly in that the 
electl:'od~ compartment is 90° out o:f the plane of the paper. 
There:fol:'e, :for complete drainage, a:fter :filling the dilution 
bulb·, this cell has to be I:'otated another 90°~ Both :factol:'s 
increase the dilution time of Cell #3 as compared with the 
other cells. 
Calculations assuming a constant error o:f 0.3% (i.e. 
o.2cc. added to the volume o:f the solution, approximately 
72.4cc., before each dilution} adjust the high dilution points 
of Cell #3 to the curve obtaine·d :from the data using Cell #O. 
This initial error of 0.3% increases to as high as 3.0% by the 
tenth point. 
However, ciose scrutiny o:f all the data shows that this 
systematic tttime•• error is not operating in every case with 
Cell #3. There are several runs where points taken beyon 
the sixth dilution do not deviate :from data obtained with Cell #O. 
O:f the :forty points taken in this regt.on with Cell #3, nine 
o:f them could have been used. It should be emphasized that 
omission o:f these points would a:f:feet the precision of the de-
rived constants to a degree related to the number omitted. 
Further support of the absence o~ a systematic error in 
the internal dilution technique is available. A comparison 
of the data collected with Cell #3 fo!> potassium b!>om.ide at 
0°0. and ~8.93°0., a total of eleven points at each temper-
ature {10 dilutions) with those of Leftin {24) at the same 
temperatu!>e does not show the sort of divergence seen in Fig-
ure 8, i.e. there ·is no increase in the relative amount by 
which the two sets of data differ over the dilution range. 
15 
Vignale {45) studied the dilution process carefully by 
checking weighed points against points over the same concentra-
tion range, obtained by the internal dilution tec~que, and 
found no systematic error. However, Vignale used a cell which 
had a volume much smaller than Cell #3 (compare Table 4) and 
carried out on~y .two dilutions. There~ore, a cumulative dilu-
tion error would not be significant under these conditions. 
Tetramethylannnonium Iodide 
· FigUI>e 9 graphically represents the conductance data tab-
ulated in Tables I-Jt and I-C obtained on: a single batch of this 
solute; as shown, a total of six runs fell on curve I and five 
runs fell on curve II. As noted by the run numbers, the be-
haviour is random and this was the first solute examined. The 
history of each run relative to prevtous use of cell, vacuum 
line used and degassing of solvent d1d·not reveal any corre-
lation. The data for each curve were used in a Shedlovsky (41) 
calculation and gave the results shown in Table 11 (see page 101 
for a discussion of the Shedlovsky calculation) • 
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TABLE 11 
Shedlovsky Parameters f'or Tetramethylammonium Iodide 
Curve Temp. ·a· x 103 'h :X: 102 K X io5 Ao 
I 0.175 4·276 1.32 139 234 
II 0.175 4-429 1.20 163 226 
Since curve II yields a lower limiting conductance f'or the 
+ . ions (aH3)4N. and I- 1 it suggested the presence of' I3- which 
. . 
would have a lower mobility than r-. The problem was f'inally 
resolved af'ter the examination of' other iodides; Kohlrausch's 
Law served as a basis f'o~ selection. Omitting f'or this dis-
cussion any data using Tetramethylammonium Iodide used in the 
construction of' Table 2f(o, the following dif'f'erences will be 
noted: 
··-(a) For the change (CR3 )4N~MePy+ , the flA. is -5.5 using 
0104- and OPi ·as the common ions. 
(b) For the change K~ (CR3)4N~ , ther:;A. is ... 1,3 using Br-
as the common ion. 
Using the~oof' curve II 1 the following was f'ound. 
(c) Jr+~(CR3 )~+ ,&A_= -J.8 
(d) (CR3 )4r~MePy+ ,~ = +5 
However~ using theAoof' curve _I, til;~ data :tor the iodide ion 
agree weJ.J. with those of' the OJ.04-, OPi- ana Bromide. That is 
(e) K+~(OR3)4N+ ,~ = -J.O and 
(r) (OR3 )4~MeP-y+ .f:S:.. = -3. 
It appears tha:e curve I can be correlated with the use o:f 
OeJ.J. #O, and curve II with the use of' Cell #3. Nevertheless, 
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the decrease in conductance shown in curve II cannot have arisen 
f'rom the dilution ef'f'ect described earlier in this section, since, 
as shown in Figure 8, no point with Cell #3 beyond the-seventh 
dilution is used in the construction of curve II. 
StJ.ll.iiMARY OF DATA 
Presentation of' Data 
The conductivity data .collected in this investigation 
are presented in Figures IA - 12A, as se~logaritbmic plots 
of' equivalent conductance against dilution (liters/mole). 
The best smooth curves have been drawn through the points. 
Statistical significance should not be attached to the size 
of' the points. All points are within !1% of' the smooth curve 
although,, on occasion, agreement is much better. 
Each run is defined by a point symbol, run number, and 
in parenthesis, the cell used :t'or the particular run. A 
larger number of' runs was prepared on vacuum line #2, so that 
only those runs in which line #I was used have been so noted 
on the graph. Thus, (O)YP - XXIV {I) means, points desig-
nated by 0 are £rom run YP-XXIV, in which cell #I and line 
#2 were used. There is a small region within which roman 
numerals and arabic numbers overlap; these runs are in no way 
related. The experimental data used in the construction of' 
these. plots are summarized in tables IA • 12A o£ the appendixo 
Table 12 summarizes the equilibrium constants derived 
:f.'rom. the conductance data of' Figures IA - 12A. The experi-
mentally determined equilibrium constants (Kexp.) and the 
limiting equivalent conductances (_A_Q) were evaiuated by 
the extrapolation procedure described by Shedlovsky (41) and 
discussed by Fuoss and Shedlovsky (8). 
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v 
.. 
.. 
Temp. oc 
. - . 
-5.25 
-10.71 
-15.56 
-20.58 
-24-99 
+0.175 
-8.90 
+0.16 
+0.16 
+0.16 
+0.16 
+0.16 
-25.40 
+0.1.75 
.-8.90 
+0.175 
... ,.._. ·-.-·-. 
99 
TABLE 1.2 
Sunmwry of Equilibrium Data 
Ao 2 Variance(a) K xllo3 Variance Llmits of mhos-em of moles K x 105 
mole _1\_e liter 
Potassium Bromide 
233 2 0.180 o.l87 0.173 
224 2 0.2ll 0.222 0.201 
212 2 0.2.51 0.264 0.240 
202 2 0.288 0•301 0.275 
188 1 0.312 0.383 0.343 
Tetramethylammonium Io4ide 
- I 
234 1 1.3~ 1.%9 1.30 2~ 1 1.70 1. 3 1.59 Tetraeth~lammonium Bro~de 
215 1 2.11 2.41 1.90 
Tetra-n-ErOE~lammonium 1odide 
197 0.5 3.8jl 4.32 3·47 
Tetrameth~lammonium-Pere _orate 
218 1.5 o.8J o.9o Tetrameth~lammonium F1uordborate 0.79 
215 2 ' ' ' o. 7, 0.87 0.72 
TriEhen~lmethy1Eerchlo~ate 
173 0.5 4·5~ 5.09 4.11 
132 0.5 5., 7-25 4.88 
Meth~1pyridinium Iodi,de 
231 2 1.3~ 1.55 1.25 211 2 1.7 1.96 1.56 
Meth:r1Eiz:!:idinium Pi era te ' 
168 1.5 2.87 3-72 2.31 
Temp • 
. oc. 
+n.~.6o 
+0.175 
+0.160 
TABLE 12 (Continued) 
Ao 2 Variance (a) mhos-em of - -
mo~e .1\.o. 
K X ~oJ 
_moles 
~iter 
Tetramethy~ammoni um Picrate 
1 
- MethylpYridinium Perchlorate 
214 ~ 0.948 
Cycl.oheptatrieny~ Bromide 
220 o.5 1.26 
Variance Limits·of 
K X ~03 
2-17 
~--0~ 0.890 
1.3~ 1.2~ 
(a) See section on analysis of data ror signiricance and 
calculation or variance,; . ( calculated using 95% conrid.ence 
llmi ts). ~ 
l.OO 
ShedloVSky Method 
This method involves the solution of' the equation 
where A = equivalent conductance 
~= limiting conductance 
C5l 
K = thermodynamic equilibrium constant 
C = concentration (moles/liter} 
D = die.lectric constant 
T = absolute temperature 
.f":t = activity coef'f'icient Y; 
01. 
-log..ft = 3. 648 x ,10 6 (cA &cz.)(A \ ~ (m)Y2 ~ ~ ]~ 
= Shed~ovsky f'nnction = t_;2 +~I+~)"-
= ~ ~ cA/.JL3(; 
S(z) 
z 
o( = Onsager coefficient = 8.203 x lo5Ao/(DT)3/2 + 
82.43/Y\ { DT) l/ 2 
Shedlovsky Calculation 
The 
1/.As(z) 
slope of' 
Shedlovsky equation (Eq. 5) shows that a plot of 
versus c.J\.s( z )f+2 should be a straight line with a 
-
1/K ~and an intercept of 11-/lo. ·Both the 
Shedlovsky variable z, and the activity coef'f'icient .f, are 
functions .of' Ao• The evaluation of Ac., by this method, 
therefore requires a serl..es of approximations.. A value of' 
. I '"' . lO~ 
_A_0 , suggested b.y; the A versus V plot or by experience 
with similar solutes .i.s assu:med, . thus yielding values :for z 
andJ. The·data are ·then employedin a complete calculation. 
The best straight line is determined by the method of 2east 
squares which provides the intercept, 1/JLo, directly. 
Using this new value the process is again repeated until the 
extrapolated and assumed .Aoagrf!;e to within o.5%. 
In this investigation, the number o:f approximations was 
greatly reduced by the·ease o:f selecting an initial value 
o:f ~o• For the major part, highly dissociated electrolytes 
were examined, consequently the true ~value was invariably 
close to the high dilution values.. For example tetramethyl-
ammonium iodide has ~ li:ini.ting conduc.tance o:f 234, whereas 
the vaJ.ue_for the. conductance at 33,000 liters/mole is 
224.5 mhos-cm.·2 and at 76,000 liters/mole is 228 mhos-cm. 2 • 
mole mole 
The tabulated values of Kexp. were determined :from the 
slopes obtained in the last approximations by making the 
appropriate substitutions. Representative Shedlovsky calcu-
lations are shown in Table 14 and corresponding graphical 
representations, drawn in accordance with the slope and inter-
cept calculated by the least square equation, in Fig. 10. 
Choice of Concentration Limits 
Recently Le:ftin (24} subjected conductance data to an 
examination in order to determine the concentration limits 
~o be used for the Shedlovsky extrapolation procedure. Leftin 
. ' 
. ( 24) found that inclusion. o:f data below about 2 x 103 liters/ 
mole exhibived the greatest influence on the ~ovalue obtained 
by extr~polation and so selected this region as the limit of 
high concentration data. A dilute lower limit is also im-
plied in the Shedlovsky equation since it is based on limit-
ing laws •. -
A~ upper limit of 80 x 103 liters/mole was selected 
103 
principally because beyond this region the solvent contributed 
more than 5 - 10% to the total conductance observed. Reduc-
ing .this upper limit would reduce errors due to solvent cor-
rection, but this would also limit the number of points de-
-
fining the·straight line, thus producing a statisticallyun-
favorable condition. 
Most of the solutes examined ~ this investigation were 
sufficiently dissociated so that points beyond the region of 
50,000 liters/mole were essentially scattered above and below 
the intercept of the Shedlovsky line. Therefore points above 
this dilution would define a horizontal line from the inter-
cept. (For example, as Table 14 shows, the intercept value 
for tetra-n-propylammonium iodide is 5.070 x lo3 whereas the 
~~S(z) corresponding to a dilution of 37,280 liters/mole 
is only 5.110 x 10-3). For these solutes, it is then nec-
essary to obtain a high proportion of points in the region 
of 2,000 to 50,000 liters/mole in order to accurately define 
the slope of the Shedlovsky line. By the same token, the 
nebulous solvent correction is minimized since its contri-
bution in this dilution range to the specific conductance 
was found to vary between 3.8% and 0.28%. 
Ceil #3 was designed specifically to yield a small dilu-
tion factor, and in this way, the collected data from several 
runs contained a large number of points (about 8) in the 
region of 3,000 to 30,000 liters/mole. High dilution data 
were collected, in every case, with a cell with a large di-
lution factor, thus minimizing the number of dilutions 
(about 4) to the region beyond 30,000 liters/mole. A complete 
discussion of the rationale behind the use of two cells for 
obtaining conductance data has been presented in the section 
on experimental difficulties (page 72 ). 
In this investigation the lower limit of 2,000 liters/ 
mole was maintained; the upper limit was dictated by the 
specific conductivity of the solvent and in a few cases ex-
ceeded 60,000 liters/mole. For those solutes, where the sol-
vent contribution is of the order of 3~4% at 50,000 liters/ 
mole, data between 2~000 and 50 1 000 liters/mole comprised at 
least 90% of the points used in the calculations of the para-
meters of the Shedlovsky line (Eq. 5) shown in Table 14• 
A glance at Table 13 shows that the largest spread is 
for the value of the slo~e of the more highly dissociated 
electrolytes. Examination of the spread in the value of the 
intercept demonstrates that in every case the limiting con-
ductance is. reliable to.~l% and so all extra~olations were 
relatively i~ensitive to errors in the evaluation of the 
slope. 
TABLE 13 
Variance of Slopes and Intercepts Derived from Shedlovsq Calculations 
(a) . 
Temp. Slop~ Interc~pt Variance % Spread 
.. ~c. x 10 . x lOJ Slope Intercept Slope Intercept 
Potassium. Bromide 
-5.25 10.21 4.288 0.23 0.038 . 2.2 0.9 
•10.71 9.46 4·471 0.27 0.045 2.8 0.9 
-15.56 8.83 4.710 0.27 o.o42 3.0 0.9 
-20.58 8.48 4·942 0.2J. 0.049 2.5 1.0 
-24.99 7.76 5.302 0.29 o.o45 · 3.7 .o.5 
Tetramethylammonium Iodide 
+O.J.75 ··1.32 4.2.76 o.oa o.021 6.1 o.5 
~8.90 1.28 4·676 0.08 0.021 6.2 0.4 
Tetraethylammonium Bromide 
+0.16 1.01 4.641 0.11 0.026 11.0 0.5 
Tetra-n•propyJ.ammonium Iodide 
+0.16 0.667 5.970 0.069 .O.OJ.6 10.0 0.2 
TetramethyJ.a:mm.onium Perchlor.ate 
+0.16 2.51 4.598 o.13 o.033_ 5.4 0.7 
Tetramethylammonium Fluoroborate 
+0.16 2.72 5.710 0.19 0.033 ·7.0 o.5 
Triphenylmethyl Perchlorate 
+0.16 o. 736 5.782 0.083 0.0!9 11 .• 3 0.3 
-g5.4o 0.980 7.567 o.184 0.032 18.8 o.4 
Methy1pyridinium Iodide 
+0.175 1.356 4.331 o.1~ . o.o34 9.J. o.a 
-8.90 1.?83 4·734 0.12 0.034 9.8 "0.7 
f-1 
0 
\n 
Temp. 
oc. 
+0.175 
+0.160 
+0.175 
Slope 
X 102 
1.239 
1.668 
2.300 
TABLE 13 (Continued) 
Variance % Spread Interc~pt 
_ X 10-' Slop~ __ ~JAteroep!__ _ Sl9pe~--- Jnt~Rcept 
Methy1pyridinium Picrate 
5.958 0.267 o.o55 0.9 21.5 
Tetramethy1ammonium Picrate 
5.710 O.J.48 0.033 8.9 o.6 
Methylpyridinium Perchlorate 
4.669 . 0.121~ 0.027 5.4 0.3 
(a) Variance calculated using 95% Confidence limits. 
·'· 
. -~ ,, 
}-' 
0 
0' 
TABLE Jlt 
Shedlovsky Calculation 
Highly Dissociated S9lute~ Tetra-n-propy1ammonium 
Iodideta) at +0.17.5°0. 
"Y" "x" 
v _A b) }Y..As(z~ x 103 · E.A.scz>.r!}o2 
2754 172.7 5.333 
:.3tb10 173.7 5.319 
3422 176.0 5.263 
iloo· 177.0 5.277 
963 182.6 5.192 
74.72 182.8 l 2.19f} 
9065 184.7 5.165 
11050 185.5 5.165 
13480 186.8 5.149 
16080 18.8.3 5.126 
16390 188.4 5.128 
.37280 191.1 5.110 
Least Square Ca1culation: 
N"a + bn = ~Y 
a~X + b~X2 = ~ 
N = 12 
~X= 0.23679 
zy = o.o62425 
~x2 = o.oo614J.3 
· :ZXY = 0.0012416 
Sa1ving . .for a(intercept) and b(slope) giv~: 
a = o.oo5070 Ao= a-1 =. 197 .2(b) 
3.868 
3.602 
3.306 
2.878 
1.918 
1.808 
1.549 
1.309 
1.105 
0.952 
0.936 
0.448 
b = o.oo667 Kexp. = a2/b = 385 x 10-5 
· Equation ef' line: Y = o.oo667X + o.oo507 
(a) Data f'rom YP-26, YP-28, and YP-29 
(b) ~(assumed) = 197 
TABLE J.4 (Continued) 
Shedlovsky Calculation 
Less Highly Dissociated Solute, Potassium Bromide(c) 
_ . at -5.25~0. -
'~ " 
uyn uxn 
v ~d~ 1/-A-S ( z ) xlo3 e..A..s (~)i'~1o2 
2429 
4589 
5632 
10580 
13030 
244?0 
30180 
56510 
69600 
J.21.6 
J.43.;8 
150.9 
J.71.0 
177·3 
195.8 
200.7 
2J.4.2 
2J.4~4. 
r 
7e728 
6.622 
6.333 
5.6t6 
5·41 
4.;982 
4·8~1 
4·5 9 
4·593 
Least.Square Calculation: 
a = 0.004288 ~o = 23~.2 
b = O.l02J.; 
N = 9 
3·377 
2.298 
2.015 
1.if_6-
J.. 1 
0.686 
0.579 
0.3~0 0.2 1 
Kexp. = 18.01 x J.o-5 
XX= 0.11983 
:ZY = 0.050825 
'Z X2 = 0.00246595 
~XY = 0.0007656 
Equation--of' :Line: . Y = 0.102l"X~ + 0.004288 
(c) Data i'romYP-74 and YP-76 (d) .Ao(assumed) = 233.3 . 
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PTecision of Data 
General Remarks 
ANALYSIS OF DATA. 
Admittedly the limit of' accuracy is due to the technique 
of measurement and any errors will be particularly magnified 
f'or those ·cases where small changes .. are examined., e.g. :Cor 
highly dissociated electrolytes where the. conduc.tance changes 
slightly with dilution. However., the most int'ormative approach 
is not one ot' increasing ~hia accuracy., but rather one ot' ex-
amining a large number ot' solutes by o~e technique and then 
statistically determining the precision or range of the values 
calculated :Cor each quantity. All pertinent interrelation-
ships can then be evaluated realistically. 
The most convenient form for statistical analysis of' the 
data is the least square solution of' the Shedlovsky equation., . 
(Equation 5}. 
· Table 14 shows the pertinent Shedlovsky · calculations :for 
both one of' the less highly dissociated s.olutes, potassium 
bromide., and f'or one o.f _the .. mo.st highly dissociated solutes 
measured, tetra-n-propylammonium iodi.de.... Figure 10 represents 
Shedlovsky plots for both solutes. .As shown in Table J.4, the 
slope (a} and intercept (b) are evaluated from the experimen-
tal data. From these two numbers all other quanti ties are 
calculated. 
In Table l4 it is seen that the total change in ttytt for 

tetra-n-propylammonium iodide is Q.2 units, or approximately 
4%. Consequently, as Figure 10 shows ror this solute, the 
Shedlovsky plot has a very small slope, the value of which 
will be sensitive to experimental errors. The value of the 
intercept for this solute obviously changes very little with 
an error in the value of the slope. For potassium bromide 
Table 14 shows a relatively large change -"in-1fYil- over the same 
region i.e. three units or approximately 5o%. As shown in 
Figure 10 for this solute, the Shedlovsky plot has a rela-
tively large slope. However, the value of the intercept is 
herein more sensitive to small errors in experimental values. 
Therefore, the main problem is to statistically demon-
strate, particularly for highly dissociated solutes, whether 
the solute dependence,among the nyts"·can be explained by 
regression rather than by a scatter of the experimental¥:~ 
points about a horizontal line. Furthermore the magnitude 
lll . 
of th~ errors in the slope and intercept must be determined 
since interrelationships can only be evaluated within the ran-
ges predicted by statistical analysis. It must also be de-
monstrated that the 11X11 and uyn are linearly related. 
As shown below, the Shedlovsky equation (Eq. 5), as 
plotted can be reduced to show that nyn is a function of the 
dilution and the resistance, and nxrr. is a function of the 
cell constant and resistance. 
l )Y.a w\.'L'r<!. 5::~ = .B/..A~'- c..J\.. sc.~) 
'I 
sci)::: rA \c.J\..I.;t, nncl _A_~ tG~JlV) 
In the above equations, O.K •. is the cell constant, R is the 
resistance, C = lJv when V is in liters/mole; o(. contains 
D,T,J:\, and~ contains D and T. Assuming no error in the oC.. , 
ll2 
)3 and~0 terms and omitting exponents, S(z) is then propon-
tional to the following experimentally determined quantities, 
{~ ) (~~~ ). Cancellation of the like termsshows that 
S(z), and in an identical fashion~±2 are related to the cell 
constant and resistance both of which have an error of less 
than o.l%. 
The nyn term is {!\.- S (z)}-l and so is related to any 
error in the determination of the conductance, and so con-
tains the 4• .! error in the determination of the dilution. 
-,·' 
Therefore it is reasonable to assume that the nxn measur-
aments are exact and that the value of the dependent nyu 
variable only is liable to error. In this manner, solution 
for the least square equation simul~aneously minimizes the 
sum of the squares of the residuals of nyu. 
The equation thus obtained is called the "regression 
line o:r Y on x.n This statement assumes that : (1) nyn 
only is liable to error, (2) ttyn and nxu are linearly related, 
(3) a change in nxn is correlated with a change in nyu. An 
analysis of variance was therefore undertaken in order to 
test these assumptions and to establish the confidence within 
which the value o:r the intercept and slope can be expressed, 
and hence all quantities calculated from these two parameters. 
Analysis o:r Variance 
The analysis of variance is the statistical approach used 
-~~ :··-··. ""-- -~---
for forming a basis from which one can make interpretations 
and predictions from small sets of data, with selected con~ 
fidence. The confidence limit (C~L) selected in this inves-
tigation is 95%; this is the same as saying that there is 
probability of 0.95 that the value of the number lies within 
the range calculated by the analysis of variance. For the 
" 
sake of d.rlrormi ty the symbols and definitions used in the 
statistical analysis of the data are those used by Mode (32) 
and Youden (49). 
Variance of the Slope and Intercept 
By the least square calculation one finds the values. of 
the intercept (a) and the slope {b) which make the sums of 
the squares of the residuals of nyn ( g ef 2 ) a minimum (see 
Table 15, section II). The calculations of a and.£ are as 
follows: 
a= }; x 2 L y - ~X £ ';! 
N ~ x2 - ( ~ x) 
and b = n! x y- 1!x 2:.y 
N ~ x2 - (£x)2 
(6) 
(7) 
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where N is the number of points. Values of the limiting con-
ductance c_/l~) and the experimentally determined dissociation 
constant (Kexp.) are then obtained by the following relation-
ships. 
-Ao= 1/a and Kexp. = a2;b 
Calculations of' a, b, Ao and Kexp • are shown in Table l':t • 
Table 15, section III, tabulates the various quantities used 
for the analysis of variance. All these quantities are con-
veniently evaluated during the least square calculation. 
Table 15, section II, shows the algebraic sum of the resi-
duals to be+ 0.002 X 10-3 • 
It is then a simple matter to calculate the standard 
deviation of the intercept (Sa) and slope (Sb) by the follow-
ing equations (49). 
s2 = L e~2/N-2 (8) 
·.§.§:. = S [I x2/(Nl: x2-( h x)2} 1/ 2 (9) 
and [s2j(Zx2 _ ~)2) 1/2 
.§.£= (10) 
In these equations, s2 is the estimate of the variance 
of a single y measurement; division by N-2 is due to the fact 
-that the data have been used to estimate b and y. The other 
quantities are self-defining. As shown, the positive square 
root of the ·variance is the standard deviation, hence, one 
simply squares the standard deviation of a parameter in order 
to obtain its variance. Example calculations are shown in 
Table 15, section IV. 
lllit!-
The customary symbol for the standard deviation is the 
Greek letter ~ , which should be used only when a large sample 
size (n> 30) has been examjned. When the sample size is less 
than 30,. it is the custom to use the English equivalent s. 
The reasoning is as follows. The area under the normal fre-
quency curve in standard form (n) 30) between : C5"is 68.26% 
· .. ·--
o~ the total area. However, for small sets o~ data, the 
normal ~requency curve in standard ~orm is substituted by 
the Student-Fisher t- distribution curve in which the area 
between !s is dependent on the sample size. Therefore, ~or 
small sets o~ data, the range o~ value ~or a given parameter 
de~ined by the calculation o~ the standard deviation (S) 
cannot be interpretedwith 68.26% co~idence. 
As shown in Table 151 seetion V, if the sample size were 
i~inite Sa would be identical with~a and so 68.26% eo~i­
dence yields a ~alue with a range equal to the standard de-
~iation, hence llatt == (4.288: 0.016)10-3. For the sample 
size present, N = 9, calculation using Fisher t- curve (to 
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be discussed later) yields an 11an value with a range of :0.018 
x 10-3 expressed with 68.26% con~idence. 
Student - Fisher t-Distribution Curve 
The problem o~ testing the signi~icance o~ the deviation 
o~ a sample mean ~rom a given population when only the sample 
variance is known was first solved by w. s. Grosset (10) 
writing under the pen name of' 11Studenttt. This method was 
later modi~ied by R. A. Fisher (6). Essentially the S-F-t 
curve is the normal ~requency curve, which is now altered 
in spread by sample size. Consequently, as the ·sample size 
increases, the S-F-t curve approaches the normal curve as a 
limiting ~or.m; in ~act, when the sample size is 30, the two 
curves are essentially identical. However, if the sample 
size is less than thirty, the area under the S-F-t curve 
between !s is not 68.26% o~ the total area. 
... - -~----
Co~idence Limits 
Fisher tables of values of t, corresponding to various 
levels of significance (confidence limits), are available in 
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·all standard texts on the subject. In.order to use th~ S-F-t 
curve, one must take into account the number of degrees of 
freedom. For a straight line the number of degrees of freedom 
(D.F.) is N-2, where N is the number of points used in the 
least square calculation. The statistical test for passing 
judgement on the intercept is made by dividing the value of 
the intercept nan obtained from the least square calculation, 
by the standard deviation of the intercept,.Sa, to get the 
statistic t, hence----
t = a/Sa {11) 
Fisher tables of t show th~ chance ~hat various limiting 
values of t would be exceeded if both sets of data came from 
the same source. In an identical.manner the value of the 
slope can be judged. 
In this work the more useful relationship, Eq. 12, .i~ 
used. .A.s shown in Table 15, section VI, .for 95% confidence 
{12) 
limits (C~L. = 0.95) with seven degrees-of freedom (D.F. = 7), 
the value o.f the Fisher 11 tn is "!:2.365. Substi tuti.on into 
equation 1e shows that solution for 1b(tt given the numerical. 
limits "att and solution for the product !tsa gives the limits 
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wi tbin which ttatt should be expressed. In an identical manner 
the above quantities can be calculated ror the slope. 
All values for the various quantities calculated are 
reported with 95% confidence limits, calculation of which are 
exempli.t'ied in Table 16, section VI. These quanti ties, :for 
the two selected solutes, are ctabulated in Table 17. 
Regression and Correlation 
As mentioned earlier, two other inferences of the state-
ment that a Shedlovsky plot is a regression line o.t' nyn on 
nxn are to be examined. These are: (1) nyn and nxn are lin-
-
early related and, (2.) a change in uxn is correlated with a 
change in nyu. 
Equation 5, the Shedlovsky modification o.t' the Onsager 
Equation, is treated as a linear .function, thus the solution 
for .Aoand Kexp. are simple. It has been :found both in this 
investigation and in numerous other cases (10,24,25,45) that 
it is, in fact, linear, since the scatter o.t' individual points 
about the least square line is random, i.e. no curvature is 
apparent. Examination o.t' Figure 10 shows that there can be 
no doubt about the linear relationship o.t' the plotted points. 
The statement that a change in nxn is correlated with a 
change in nytt is statistically examined by determining whether 
the slope ot the Shedlovsky line is significantly different 
from zero. This applies particularly to lfstrongtt electrolytes 
(Kexp.= 2 :x: 10-3) such as Tetra-n-propylammonium Iodide (see 
.for example Figure 10). 
For this evaluation equation l2.in the form 
:t = (b -fi )/Sb (13) 
is again used. However, in this caae,~ is set equal to zero 
and a value for nttt.is calculated •. A value of ntn = 2? (see 
Table 16, section VII) is obtained and is examined by means 
of the t-table, entering the table with (N-2) degrees of free-
dom, where N is the num.be~ of points defining the line. The 
value of t at the 99% O.L. is 3.169 and so one maintains with 
at least 99% confidence that the slope is different from zero 
and hence did not.result from a random leaning (away from zero 
slope) of the.data. However, this is obvious by simply noting 
that the value of Sb is much smaller than the deviation of the 
slope frQm zero. 
Discussion 
The two solutes compared in Table 16, which,were selected 
for calculation as representative of the range of solutes ex-
rumined, show that for all the solutes measured the following 
are applicable. 
(a) The precision of the various quantities tab~lated 
therein will vary between ±1 - !11%, expressed with 95% con-
fidence. 
(b) The slope-for all solutes is significantly different 
from zero. 
Statistical Evaluation of Derived Constants 
The preceding disGussions have defined the techniques 
for calculating the limits of a, b,~and Kexp.; the selected 
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95% conf'idence limits has resulted inthe spread reported f'or 
examining inter-relations and predictions. The following 
discussions deal, in detail, with the various quantities f'or 
all the ion pairs measured with incorporation of' the physical 
significance of the statistical evaluation. All the constants 
have beep calculated as outlined in Table 15; the recorded 
spreads are in accord with the selected 95% confidence limits. 
Dat~ on other ion pairs measured have been incorporated f'or 
unification of all the work in liquid sulfur dioxide. Percent 
error with 95% confidence limits has been calculated in every 
case f'or ease of comparison and discussion. 
'TABLE 15 
Statistical Analys1s of Data on Potass1um Bromide 
at -5.25 6 0. 
12.0. 
I. Least square equation of the regression line of nyn on "X" 
Yea1e. = (0.10212)(Xexp.) + 0.004288 
II. Evaluation of Residuals 
ttyn exp. x lo3 Yca1e. xlo3 ei x 1oJ 
1·728 7·736 b.ooa 
6.622 6.635 0.013 
6.333 6.346 0.013 
5-646- . 5. 611 -0.035 
5.461 5.422 -0.039 
4-~82 4.988 o.oo6 
4.871 4-879 o.oo8 
4.589 4-635 o.o46 
4·593 4·515 -o.o18 
!e1 = +0.002 :x: lo-3 
III. Tabulated ~uantit1es Used for Statistical Analysis 
:znx'' = 0.11983 
znyn = 0.050825 
~'ixn2 = o.oo246595 
~-"XY11 exp. = 0.0007656 
(~x) 2 = .oJ.4359 
~x2/N = o.ooo27399 
N = number of points = 9 
D.F. = degrees of freedom = N-2 =7 
Ze1
2 
= 56.88 :x: lo-10 
s2 = 1: ei 2/N-2 = 8.125 x lo-10 
! Y2e:x:p. = 296.081129 :x: 10-6 
(l:Yexp. )2 = 25.831806 x J.o-4 
- -
l:XU = 0.00609035975 
TABLE ~5 (Continued 
IV. Var1.ance o::f Slope and Intercept 
Sb = standard deviation o::f sl~pe 
(Sb) 2 =variance o:f slope-
Sa = standard deviation o:f intercept 
(Sa)2 = variance o:f inter_cept 
(s2) = estimate o::f the variance o:f a s~gle y 
measurement 
(a) s 2 = Lei2; N - 2 
= 56.88 x ~o-10/9-2 
= 8.~25 X 10-~0 
Sa = S (I'X2jNfx2 .. (~X)2)~/2 
= 2.B5o6 x J.o4-5c2JJ..66 -x ~o-4; 78.34 x ~o-- )~/2 
= 2.8506(0.3~77)1/2 = 
2~8506( .56~03). 
= o.o16 ~ 10~3: -
(Sa) 2= 256 x-~0-~ 
(b) Sb= (s2; x2 ::; ( x)2/N)l/2 . 
- (8.125• x 19-~o /8~7G5l.x ~o-4) 1/2 
= (.9334 x ~o-6 > 1/2 = o •. 96 x ~o-3 
(Sb) 2 = 9334 X lO~~O 
v. Difference between infinite and :finite sample size on 
~imits o::f intercept. 
(a) Infinite sample size - 68.26% Confidence 
Sa = o.o~6 x ~o-3 
a = <4.288 :!: o.ol6)~o-3 
. . 
(b) Finite sample size (N = 9, D.F. - 7) 
68.26% Confidence t =.i 1.119 
!~.119 = (4.288 X 10~3- -~)/0.0163 X 10-3 
0( = (4.270-- or 4·306)l_o-3 
a = · (4.288 :: o.oJ.8)~o-3 
TABLE 15 ·(continued) 
VI. Calculation with 95%--Conf'iden~e Limits 
(D.F. = 7,. t :::·! 2.]65)' 
(a) Intercept Limits 
~2.365 = (4.288 X 10-3 -o{ )/0.016 X 10-3 . 
10~ = 4•J26 and-4.250 
tsa = :o.oo38 x J.o-3 
~~a·-'= 4.288 ! 0.038 . 
(b) S1ope.•Limits 
:2.365-; (10.212 x lo-2 -~ )/0.096 x 10-2 
1o3~..:;:.l0.439 a1ad 9.985 
tSb = :0.227 X 10=2 
103b = 10.212 : 0.227 
(e) Limits of Kexp. 
(l) Upper Limit= (4.28~ +_~.038) 21o~6/(10.2l2 
. - 0.227}10 . . . 
= 18.74-x lo-5 
(2) Median = (4.288 x 1~-31 2/10.212 x 10-2 
= 18.01 X 10 5 . 
(3) Lower Limit = (4.288 - OA03~) 2 l0-6/10.212 +5 0.227) 10-~ = 17.30 x 1o-5 ~o 
8 - + I -Kexp._= 1 .o- 0.7 
(d) Limit of Ao 
(1) Upper Limit = g4.288 - 0.038)1o-3] - 1 = 235 
(2) .Mean = [<4.288)io-3] -1 = 233-
(3) Lower Li~t = (<4.288 + 0.038}1o-3] -1 = 231 
...A.o = 233 :!: 2 
(e) Bje-rrum i (in Angstroms) 
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(1) 1o2 K~xp. = 18.74 R = 3.33 0 + a = 3.31 _ 0.02 
. TABLE 1$ (Continued) 
· (2) J.o5 Kexp. = 18.01 
(3) J.o5 Kexp. =' 17.30 
0 
.a = J.JJ. 
~ = 3.29 
VII. CaJ.cu.J.ation o.f 1 Fisher ttttt .for (n-propyJ.)4 n··:--:·· 
"!t = b - 0 
Sb 
"!t = o.667 x 1o-2;o.o31 x 10-2 
t = 22 
Fisher t at D.F .• - 8 and 99% C.L. = 3.169 
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TABLE 16 
Analysis of Varianee - 95% Confidence Limits -
ComParison of Solutes 
Potassium Bromide -5.25~C. 
N = 9 
Standard Limits 
Qpantity Va1ue Deviation (95%> 
s . -t . 
ax lo3 4.288 o.o16 0.038 
b X 102 10.212 0.096 0.227 
Ao 233.2 2.0 
105K 18.01 0.7 
0 Bjerrum a 3.31 0.02 
t<a) 104 3·499(b) 
'· 
Tetra-n-propylammonitim Iodide +O.l75~C. 
. N = 12 
a x 103 5.070 0.007 0.016 
b x 102 o.667 Oe031 0.069 
Ao 197.2 0.5 
J.o5K 390 42 
. 0 Bjerrum a 10.0 o.6 
t<a) 22 3.169(c) 
(a) See Table 15 section V~i 
(b) Value of t for 99% Confidence Limits 
(e) Value of t for 99% Confidence Limits 
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%Error 
for 
95% 
0.9 
2.2 
0.9 
3.9 
o.6 
0.3 
10 
0.25 
11.0 
6.o 
THEORETICAL CORRELATIONS AND DEDUCTIONS 
Ion Pairs and Bjerrum Theory 
Bjerrum (3) relates ionic association with three para-
meters; the absolute temperature, the macroscopic dielectric 
constant and the distance of closest approach. He assumes 
the simple model of ions as rigid, unpolarizable spheres con-
tained in a medium of fixed macroscopic dielectric constant. 
Non polar quantum bonds between ions as well as ion-solvent 
interactions are exluded. A detailed deviation of the Bjer-
rum equation can be found in various t~xts (13). 
The relationship of these three parameters is 
where KBjerrum is the equilibrium constant for the ion pair 
dissociation, 
and b is the parameter 
b = iz1z2le 2 
:_ DkT. 
\....' 
(15) 
In these equations, z is the ionic charge, E. is the valuefbr 
the charge or the electron and D, k, T and ttHn are the die-
lectric constant or the solvent, the Boltzmann constant, the 
absolute temperature, and the distance or closest approach 
respectively. The values or the fraction ~(b) calculated by 
Leftin (24) were used in all calculations. 
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The calculation of the dissociation constantand the para-
meter nRn are facilitated by writing the Bjerrum equation in 
the form 
-1 
KBjerrum = C~(b) 
where Ck = 1¢'r/1000 ( \z1 z2 \ £
2 /DkT) 
If equation 15 is written as, 
b = .ill?. = l z z I £ 2/DkTa -a 1 2 (16) 
then, for uni-univalent solutes, there results equation 17: 
(17) 
The values f'or Cb and Ck at the temperature used are tabulated 
in Table 17. 
TABLE 17 
Bjerrum Coefficients for 1-1. Electrolytes ill;; 
Sulfur Dioxide 
Temperature 
~c. 
.175 
.160 
-5.25 
-8.90 
-10.71 
-1.2.50 
-15.56 
-20.58 
-24 .. 99 
-2:5.40 
Cb 
x J..o7 
3.982 
3.981 
3.918 
3.876 
3.856 
3.837 
3.804 
3.751 
3.707 
3.703 
4·779 
4·775 4·552 
4·407 
4·339 
4·275 
4.166 
3.91.tlJ-3.855 
3.843 
Using the experimentally determined dissociation constant, 
values o:f the parameter ae:x:p·. may be calculated :for a part-
icular solute (Table 18). 
Conversely, the theoretical dissociation constant or 
KBjerrum may be calculated using ttRtt values obtained by sum-
mdng the crystallographic or van der Waals radius of the ions 
involved. Table 19 lists the values o:f KBjerrum and Kexp., 
with the limits calculated by the analysis o:f variance, :for 
the solutes examined. The.selection o:f Bjerrum ttRn values, 
and acryst., is discussed in the next section. 
l.Z! 
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TABLE 18 
Dissociation Constants (Kexp.) and Bjerrum "a11 Values 
~(exp.) {b) 
(Angstroms) 
Varianc.e Limits (a) % Spread 
or a{exp.) of a(exp.) 
Potassium Bro~de 
-5.25 0.180 
-10.71 0.211 
-15.56 0.251 
-20.58 0.288 
-24·99 .0.362 
Tetramethylammonium Iodide 
+0.175 1.39 . 5.5% 
-8.90 1.70 . 5.6 
Tetramethylammonium Bromide 
+0.16 2.14 6.82 
T'etra--n-pron~lannnonium Iodide 
+0.16 ~. 10.03 
Tetr~~thylannnonium Perchlorate 
+0.16 .o.84 4.63 
Tetramethylammonium Fluoroborate 
+0.16 0.79 4.56 
Tetramethylammonium Picrate 
+0.175 1.95 6~53 
Methyl~idium Iodide 
+0.17 1.38 5.52 
-8.90 1.75 5.67 
Methyl~idinium Perchlorate 
+0.17 0.95 4.80 
cycloheptatrienyl Bromide 
+0.160 1.26 5.32 
~~iphenylmethylperchlorate 
-+o.16o 4.54 11.o; 
-25.40 5.84 10.5 
10.53 
5.81 
6.09 
6.42 
4·55 
4-45 
6.20 
4·72 
1.2 
1.5 
1.8 
1.2 
1.8 
13.8 
5.0 
11.0 
(a;.) For analysis of variance, see section "A.nalysis o~ Data. n 
(b) Calculated using Kexp. 
{c) Units are moles/liter 
TABLE ~9 
Dissociation Constants {KBjerrum and Kexp.) 
T KBj er3um {a) ~efb3~b~ Spread(c) (oc.) . X 10 - - o:f Kex.p • (t) 
Pot~ssium Bromide 
0.~69 -5.25- 0.180 .007 
-10.71 0.~99 - 0.2~~ .on 
·-~5-56 0.225 0.251 .012 
-20.58 0.25& 0.288 .013 
-24·99 0~288 0.362 .020 
Tetramethxlammonium Iodide 
+0.175 1lfo 1.39 0.10 
-8.90 1: 0 1o70 0.11 
Tet~aethylrummonium B~omide 
+0.16 1.99 2.14 0.25 
Tetra~-ErDEYlammonium Iodide 
+0.16 2.79 3.85 0.42 
I 
Tetrametht~ammonium Perchlorate 
. +0.1 1.83 0.84 o.o6 
Tetramet~~ammonium F1uo~oborate 
+0.~ . 1-7~ 0.79 0.08 
Tetramethzlamm.onium Pi era te 
1.95 +0.~75 2.99 0.20 
I 
Meth:;tlE:vrid:inium Iodide 
+0.175 ~.87 1.38 0.15 
-8.90 -2.3:-3 1.?5 0.-20 
Methy~E~idinium Perc~orate 
+0.1705; 2.32 0.95 0_.06 
O:;y_:c~oheEtatrien:;r~ Bromide 
+0.160 1.58 ~.26 0~05 
TriEhenylmeth:llEercblorate 
+0.160 3·99 4-54 0.50 
-25.40 5.60 5-84 1.2 
MethYlE~idinium Picrate 
+0.175 3.52 2.87- 0.70 
- -{a) Calculated using radii 
moles/liter. 
tabulated in Table 21; units are 
Units a:re moles/liter 
95% C.L. See Table 15 
~29 
Van der Waal 1 s Radii 
Tetraalkyammonium Ions 
A drawing of the ion, projected upon the plane of the 
paper, was drawn according to the following values of bond 
distances and atomic radii (37). 
N -a 
a - a 
1•47A o 
1.54A~. H = 1.2A~ (van der Waals radius) 
The scale used was two em. = lA: and a tetrahedral angle 
of 110~. was assumed for both a and N in all cases. The largest 
radius, in every case, was determined by measuring the length 
of the straight line drawn from the central nitrogen to the 
terminal hydrogen, to which the value of 1.2A.o (van der Waal•s 
radius of H) was added. The diagram for the ion (OH!3)
4
N+ is 
shown in Figure 11 an example of this type of determination. 
TABLE 20 
Calculated Radii of Tetraalkylammonium Ions 
Benzene 
ION 
(OH3 )4N~ 
(Et)4N~ 
(n-pr)4N~ 
(n-but)4N+ 
RADIUS A~. 
3.30 
The radius of the benzene nucleus, that is, benzene with-
out hydrogen atoms is calculated by employing the equation 
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Figu;:e_lla 
Schematic o:f The Tetramethylaxnmonium Ion 
', . 
Schematic of The Metb:y'lpyridinium Ion 
-~-Centre ot gr&"V'itJ' of 
Pyridine 
A-----t-Centre of fFe:vity·o~ Me;py+ 
0 (a) Scale 2om. = lA 
9l. .. ··. . . . . l~ 
~?f~\:::J 
-9lx = l5(2.95-x) 
:X: =. 0-4J. 
Radius = 3.0 + 1:.2 = 4o2R. 
for the radius of the circle circumscribed about a regular 
planar hexagon. 
R = a esc 180 
2 n 
where n = number of sides 
a = length of one side, which is the C - C bond distance 
. 0 
reported as l.4A (37). 
The radius thus calculated is l ~IJ. 
Cyclohpetatrienylium 
The bond distances reported (46) for this compound are: 
1. C - C = 1.39K 2. C - H = l.lR. The determinattGaof the 
of 
radius of the circumscribed circle is identical· to that"' benzene 
except for the value of n. 
0 
Solution of the equation gives ~ = 1.60A; addition of the 
C- H distance (l.~and van der Waal's H radius (l.2R) gives 
0 
a value of 3.90A for the radius of this cation. 
Picrate Ion 
In the determinati-on of the radius o:f the picra.:te anion, 
the following constants were used (46). 
0 0 
c.- c le4A c -a l.l.JA 
0 
c -N ·l·4A 0 - N-0 120~ 
0 
N 
-
0 l.2A 
First consideration shows that the centre o:f gravity o:f 
_as the 
symmetrical .ttrinitrobenzene is the same. centre o:f gravity of 
0 
the benzene nucleus, hence 1.4[ from each carbon atom; the 
effect o:f a less of a H atom is considered negligible. 
Schematic of The Picrate 
Centl'e of gravity of' 1.---tt-----,/:j) s~~l'initrobenzene ) 
: M.w. = 212 
2J.2x = 16 {l.42 + ~.4 -x) 
x = o.2oi 
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r gravity of o-
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Oxygen, (M.W. = 16) acting at a distance of 2.BK (1.4R 
0 
of radius plus 1.4! of the a - 0 distance) leads to the follow-
ing simple fulcrum problem, where 212 represents the molecular 
weight of ag;~3 o6 ; 
u. 
-l 
Solution of this shows that the centre of gravity is re-
moved 0.2AQ in the direction of the oxygen atom. The radius, 
measured from the centre of gravity to the edge of any of the 
nitro groups is 5.10A o. 
Methylpyridinium 
The determination of the radius of this cation involved 
several assumptions. First, the value of the radius of the 
pyridine nucleus (that is pyridine without hydrogen atoms) 
was taken as equal to that of the benzene radius, e.g. 1.4Ao. 
This appears to be justified since the a - N distance in pyri-
dine reported (46) as 1.37,R is not significantly different 
from the a- a distance of 1.4AQ in benzene. Second, the 
centre of gravity was assumed to be unaffected by substitution 
of N (M.W. = J.4) for the a, H, atoms (M.W. = 13). 
The use of a a - N - CH3 angle of 110° and a N - CH3 bond 
0 0 distance of 1.47A allowed a drawing to scale (lA = 2cm.) for 
the Methylpyridinium ion shown in Figure 11, as an aid in deter-
mining its radius. 
The centre of gravity of the methyl group was determined 
in the following manner. Considering ··the mass of the G a tom 
~ 
(M.W. = l2) acting at its position in the diagram, then the 
mass of the 3 H atoms (M.W. w 3) acts along the line of the 
N - G, at a distance of l.l cos 70o, hence 0.38A o, from the 
centre of the G atom. The centre of gravity of the methyl 
135 
0 0 
group is therefore l.47A + o.o8A~ or 1.55A from the centre of 
the nitrogen atom. 
Solution of the simple fulcrum problem to locate the 
centre of gravity and measurement of the distance from the 
centre of gravity to the hydrogen atom shown yielded a value 
of 4.2Ao for the radius of the methylpyridinium ion. 
Perchlorate and Fluoroborate 
E. Wilke - Dorfurt (47) reports the following bond dist~ 
ance for these two ions of similar structure (tetrahedral), 
crystal packing and size: 
0 0 
01 - 0 1.63A (Radius = 1.63 + 1.4 = 3e03A) 
B - F = l.5JR (Radius = 1.53 + 1.35 = 2.88l) 
0 
However, Pauling (37) reports 01 - 0 = 1.48A (Radius = 
1.48 + 1;·4 = 2~88R ) based on several approximate values found 
in crystals of complicated structure; no further reference is 
given. Yatsimirskii (48), using thermochemical radii and heat 
of formation of ions,.reports a value of 2.35Ao for the radius 
-of 0104 • 
From crystallographic data (42) on KBF4 the following is 
reported. 
B- F. 1.541{ (once); 1.39 (twice); 1.29 (once). 
Somewhat arbitrarily :for the sake o:f discussion the following 
values are to be used. 
c1o - = 3.ooX 4 
BF - = 2.8o_i 4 
Table 21 summarizes the van der Waal's radius o:f every 
ion investigated in liquid. sulfur dioxide. 
Ion 
r-
H 
o-
+ (CH3)4N_ , 
(Et)4_N+ 
(n-propyl.) 4r 
(n-butyJ.) 4N+. 
TriphenyimetbyJ.+ 
Oycl.oheptatrienyJ.+ 
Ol.O -4 
BF4-
Picrate-
Methylpyridinium+ 
TABLE 2l 
van der Waal.s' Radii 
Radius cR> (a) 
1..33 
1.35 
1..81. 
1.95 
2.1.7 
1.4 
3.3oCb) 
4·65(b) 
5.aa(b,e) 
7•2(b,e)-
7•0(c) 
3.9oCb) 
3.oo(d) 
2.8o(d) 
5.l.o(b) 
4-1.3(b) 
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(a) Unless otherwide speci~ied, values were taken from Pauling (37) 
(b) Calculated, employing bond angles and bond lengths. 
(c) H. P. Leftin (24) 
- -(d) Approximat-e values 
(e) Extended conformations 
138 
Bjerrum Equation and Radii 
For ease of correlation of the ionic structure of the 
solutes with the Bjerrum equation, four categories are defined 
as follows: 
Class 
- Class 
Class 
Class 
I 
II 
III 
IV 
Cation 
Spherical 
Planar 
Spherical 
Planar 
Anion 
Spherical 
Spherical 
Planar 
Planar 
Comparisons will be in terms of the ttdistances of closest 
approachn (Bjerrum ngn values). 
Class I of Solutes 
Recently Leftin (24) has shown that solutions in sulfur 
dioxide of presumably ionic, spherically symmetrical electro-
lytes display a unique agreement between the sums of van der 
Waals radii, (r+ + r_) and the Bjerrum g parameter, ndistance 
of closest approach,n derived from dissociation constants and 
the Bjerrum ion-pair equation. The observed range of this 
agreement has been extended in this investigation. Table 22 
tabulates all the results available to date on this type of 
solute. 
If one assumes that the radius wh~ch an ion exhibits in 
liquid sulfur dioxide for ion-pair formation is independent 
of the counter ion, a useful quantity, R(so2 ) can be defined; 
i.e. R(so2 ) is the radi~s a particular ion exhibits in liquid 
sulfur dioxide when involved in ion-pair formation. For the 
first six electrolytes ~Bjerrum = (r+ +.r_)cryst. From this 
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TABLE 22 
' 0 Theoretical and Exper~ental Values o£ a 
0 Sp~ead Values o£ (r~ +j{-)cryst. Temp. a o£ (exp.) 
~c • ( e:x:E • ) (! ~ - r+c~st. r-C!7St. 
+O.l.2(a) KBr 3.28 -1.33 1.95 3·28 
-5.25 . 3-31 0•02 3.28 :..a. 93 (a) 3.28 3.28 
-10.71: 3.31 0.03 3.28 
-15.56 3.3l 0.03 3.28 
-20 • .58 3·3 0.02 3.28 
-24-99 3.4J. 0.03 3.28 
KC1 +0.12~a~ 2.96 -1.33 1.81 3·1.4 
-8.93 a 3.10 3·14 
+O.l2(a) KI 3.58 - 1.33 2.17 3.50 
:-8.93(a) 3·78 3-50 
+0.12(a) 
(CH3 )4NBr 
5.25 0.10 - 3·.30 1.95 5.25 
-8.93 (a) 5.27 o.1o 5.25 
( CRJ ) 4NI 
+0.175 5.to 0.15 . -~3•30 2.17 5·47 
:-8.90 5. 8 0.15 
.5·47 
+0.16 6.82 0.45 
( 0~5 )!J:NBr 
- 4·.65 1.95 6.60 
+0.175 1o.o o.6 ~C3R7~~~~B 2.17 8.05 
+0.175(b)1o.o 
(nbut)It.NI 
2.0 1·2 2.17 9·37 
(CH3 )4NBF4 
+0.16 4-56 0.11 - j;.J 2.8 6.1 1.35(d) 4.65 
+0.16 
TABLE 22 (Continued) 
Theoretical and Experimental Val.ues o~ ~ 
( OH3) 4N0104 
o.J.o 3.30 
(a) Data o£ Le:ftin (24). 
(b) Data o:r ~star (private communication). 
(c) van der Waal.s radius of o-. 
(d) van der Waa~s radius o:r F- •. 
J.40 
it can be .assumed that for the constituent ions R(so2 ) = Rcryst. 
within the limits predicted by the analysis of variance. 
0 0 
For (n-c3H7)4NI, a is 2A greater than (r+ + r_·}cryst. 
(where the latter corresponds to the fully extended conforma-
tion of the alkyl groups). 0 The limits of a predicted by the 
0 
analysis of variance are 9.26 and 10.5A, the lower limit is 
thus well above the (r+ + r_)cryst. The significance of the 
lack of correspondence eXhibited by this solute is presently 
obscure. It may be related to the fundamental inaccuracy of 
Onsager's equation (35) which has more serious consequences 
with very highly dissociated substances. Alternately, it may 
signify that there is a limited range (approximately up to 
B.oX) of almost quantitive adherence of ion pairing equilibria 
in liquid sulfur dioxide to Bjerrumts equation. 
On the other hand, a first glance at Table 22 suggests 
that for (n-butyl)4Nr, with an (r+ + r_)cryst. = 9.37 (cor-
responding to the fully extended collformation of the alkyl 
groups), the R(so2 ) of (n-butyl)4N+ = Rcryst. An analysis of 
0 
variance of the data of Alster (2) defines the limits of a as 
0 8.1 to 12.0A. The variance of these data and the absence of 
data in this homologous series obscures any significance whic~ 
might be concluded from the behaviour of this solute. 
0 
For (CH3 )4Nclo4
and (CH3 )4NBF4, a is~ than {;r+ + r_) 
cryst. by approximately i.5K. These solutes are thus abnor-
mally (for sulfur dioxide solution) highly associated. A 
curious and possibly significant result is obtained if it is 
assumed that this difference is a property of the anion. 
Using + the R(so2 ) assigned to (cH3.)4N 
0 
is then 1.33A and the R(so2) of 
0 
of 3.30A, the R(so2 ) of 
- 0 the BF4 is then 1.26A. 
The van der Waals radii (Table 21) of oxygen and fluorine are 
0 
1.4 and 1.35A respectively. It thus appears as though Clo
4
-
aats as i.f it were no-tt solvated by 0103 whiah is, in this 
function indist\~ishable from a solvent molecule, and BF4~ 
exhibits an analogous relationship with respect to F- and BF3 • 
It is conceivable that BF4- might actually dissociate into the 
latter species. That this is not the case can be concluded 
from the ..Ao values for the tetramethylammonium salts. These 
fall in the sequence 236, 234, 218 and 215 for the bromide, 
iodide, perchlorate and .fluoroborate respectively. The similar 
magnitude of the latter two limiting conductances, considered 
in conjunction with the extremely small likelihood that Clo4-
could dissociate into 0103 and 0-, render the dissociation of 
-BF4 improbable. It would not; furthermore, be expected that 
fluoride would possess· a mobility much dif.ferent from that of 
bromide and iodide. 
Class II Solutes 
The pertinent data collected on solutes of this class 
(planar cation, spheric~a anion) are tabulated in Table 23. 
The solutes are listed in the order of increasing dissociation 
constants. The data .for the perchlorates. in this class are 
't>c~"-
tabulated with respect to"the van der Waals radius (r-cryst. = 
0 4K 3 .0A) and the sulfur dioxide radius (R( ) - 1 ) i th so2 - • • .e. e 
van ·der Waals' radius of o-. 
TABLE 23 
Theoretical and Experimental Values o~ i (Glass II) 
S~read . i o~ iL(exp.) Value o~ 
(e~).) (±) r+eryst. 0 r-eryst. {A._ . . . (,a) 
MePyC104 
+0.175 4.80. o.uo 4.13 3.00 7.13 
. i 1.4o(a) 5.53 
r. 
+O.l60 5.32 0.08 
CzHtBr 
3.90 1.95 5.85 
M Py4 · 
.175 5.52 O.o25 .. 13 2.17 . 6.40 
-8.93 5.67 0.30 
1J..05 
¢2CC101.J. 
+0.160 0.70. 1·0 3.0 10.0 
-25.40 10.50 1.2 10.0 
1.4Ca} 8.4 
·TABLE gJJ: 
· Theoretical and ExEel"'imental Values 0~ i (Class III gnd IV) 
Temp. 0 Sire ad van der Waals a (r+ +Rr-)cryst. - oc. (e~.) o~ _- (exp.) + t - t r· ceys ,.j r erys • 
-(&1. t!> - - . . ( . ) --. ( ) -
... 
(CH~)4NOPi 
. •' 
+0.175 6.53 0.35 3.30 5.10( ) 8.40 1.40 a 4·70 
MePzOPi 
+0.175 8.30 1.2 . 4.13 5.10 9.20 
1.4o(a) 5.53 
(a) Radius o~ o-
For the first three solutes (MePyC104, c7H7Br, and MePyi) 
0 
the a values are well within the region of agreement found for 
class I solutes; i.e. the experimentally determined R is less 
than ai_~ Assuming the radius of perchlorate (l.lJ) indicated_ 
by the data on class I solutes, both methylpyridinium and cy-
cloheptatrienylium exhibit ion~pair radii in sulfur dioxide 
(R(so2 )) which are closely approximated by the van der Waal's 
radii of these ions. Considering the possibility that MePyi 
in liquid sulfur dioxide may participate in the following equi-
libria, 
MePy+I-:.- MePy+ + r~ ~JlJiePyi 
(A) (B) (C) 
0 
where C is a wholly covalent compound, the Kexp. (and hence a) 
would be smaller than the actual ion pair dissociation constant 
and so the discrepancy shown in Table 23 would be somewhat de-
creased. 
However, for these three solutes the assumption of r+ as 
equal to the radius about the center of gravity gives results 
0.5 to 0.9R bigger than corresponding R(so2 ) values. This may 
represent a general type of behaviour for planar cations. 
On the other hand, triphenylmethylperchlorate shows ex-
. 0 
cellent agreement between the calculated and experimental a, 
based on the van der Waals radius for the perchlorate. One, 
however, cannot admit to the possibility of the ion-pair radius 
of the perchlorate as being dependent on the counter ion. The 
0 
discrepancy, therefore, is of the order of 2.5A and is well 
outside of the limits of ~ (9.45 to 11.8%, for both tempera-
tures) as predicted "by the analysis of variance. This dis-
o 
crepancy, is reduced to about lA if one considers the lower 
0 0 
value of a (9•4A) predicted by the statistical analysis. 
Furthermore one must recall that the theoretical ~ of 8.4R is 
outside the valid region found for class I solutes. 
The investigation of triphenylmethylpercblorate was under-
taken with the purpose of examining the validity of the cal-
culati9n or KBjerrum values for covalent compounds of the sub-
stituted triphenylmethylcbloride series (10,24,25,45), where 
it was assumed that the radius of these carbonium ions is 
approximated by a disk spinning around. its centre of gravity. 
With this model the radius for the triphenylcarbonium ion is 
0 7.0A, whereas the radius found experimentally lies between 8.0 
0 0 
and lO.OA. Using a radius of 9.0A and the data for (C6H5)3 Ccl 
this changes the ioniz~tion constant from 15 x 10-3 moles/liter 
to 10 x 10-3 moles/liter. It would, in turn decrease the ion-
ization constant of all the solutes of the type measured, but 
would not affect the correlations. 
Class III and IV Solutes 
Only one solute of each of classes III and IV was inves-
tigated and the data obtained are tabulated in Table 24• 
Both of these solutes have an(r+ + rj)s.K, so that on the 
basis of the data on class I and II solutes, one would expect 
the a(exp.) values to be larger than the calculated values. 
However, this is not £ound. For (CBJ)
4
NOPi,_ the experimen-
o 
tally determined a shows tbat.this solute £orms a tight ion 
0 0 
pair (a -(r + r ) - -~. This discrepancy seems to be real 
+ -
since it corresponds to a substantial difference in Kexp. 
0 
Using the tabulated value of (r + r ), 8.40A, the Bjerrum 
+ -
equation predicts a Kdiss'n of 2.99 x-10-3 liters/mole, whereas 
the range of the Kexp., given by the analysis of variance, is 
between 2.17 and 1.77 x 10-3 liters/mole. Alternately, assum-
ing the pic·rate ion, in association, acts as if it were 0 , 
0 
the value of ttan .would be only 4•70A. Since the Rcso2 ) of 
_(CH3 )4N+ is established an 3.30A, the R(so2 ) of the picrate 
ion, from iilies:e data, is about 3.23.£, about halfway between the 
van der Waals radius and that of the species 0-. 
Howeve~, the (Me)~OPi data may be the result of reactions 
such as---
(Me)4N+ + OPi-~MeOPi + (Me) 3N ~Mulliken Complex 
which would result in this solute behaving as a weak electro-
lyte. Obviously then, assign~ng an R(S0
2
) value to the pic-
rate ion from the data on this solute is not justified. 
0 The other picrate examined, MePyOPi, has an a above the 
81? 0( ) ~ limit. The analysis of variance gives a exp. as 'between 
0 
9.64 and 7•19A. This range is well outside the (r+ + r-)cryst. 
tabulated upon considering that the picrate ion behaves as o-, 
and is, on the other hand, in excellent agreement with the van 
0 
der Waals radius calculated for this ion pair, e.g. 9.2A. 
This £act, along with the elimination of secondary reactions 
resulting in the .formation o.f Mulliken Complexes (since pyri:;-
dine is a much less effective electron donor than (Me)3N·. · 
- 0 justifies assigning an R(S0
2
) to the picrate ion o.f about 4·9A, 
as defined .from the data on this solute by using the radius 
o.f the MePy+ .found .from the data on MePyi and MePyClo4• 
Correlation o.f Rcryst. and R(so2 ) 
Upon assuming that the R(so ) o.f K+ can be defined as its 
. 2 
crystallographic radius, and that the ion pair radius o.f an 
ion is independent o.f the counter ion, a correlation can be 
obtained between the van der Waals radius and the R(so2 ), as 
shown tabulated in Table 26. 
The correlation between R(so
2
) and van der Waals radii 
is eoccellent; .furthermore, only one R(so
2
) need be listed thus 
demonstrating the internal consistancy o.f the data. The small 
R(so
2
) o.f the 0104- and BF4- has been interpreted, and the 
largest discrepancies listed are .for those cases in which the 
0 R (exp.) is in the region beyond 8.0A. The values assigned 
to the R(so2 ) o.f the MePy+ and OPi- ions are 3.4! and 4.9A 
respectively, in accordance with the discussion in the section 
on these solutes. 
TABLE 22, 
Correlation o~ van der Waals Radius and R(SOz) 
Ion 
van der WRals 
radius ( ) R(so2) (.i) -
I- 2.17 2.20 
Br- 1.95 1.95 
cl- 1.81 1.63 
K+ 1.33 • (1.33) 
(cH3 )4N+ 3.30 3.30 
.. 
(Et)4N+ 4·65 4·87 
Cnpr)4r 5.9 7·8 
(n-b~t)~+ 7·2 7.8 
.. 
0104- 3.00 (1.4) 1.33 
BF-4 2.80 (1.35) 1.26 
¢3c+ 7 7·0 9.0 
. + 
C7H7 3.90 3-40 
·• 
MePy+ 4·13 3.4(a) 
Ofi- 5.10 4·9(b) 
(a) From MePyC10k and MePyi data - with ~Oz) _o~ 0104- taken 
as 1.40A o anCI R(so2) of r- taken as 2 .• 17A.~. 
(b) From MePyOPi with R(SOz). o~ MePy+ taken as 3.41 °.e 
Jlt-8' 
Interpretations o:f Limiting Conductance 
As outlined earlier the limiting conductances (Ac) :for 
the solutes measured are experimentally the most reliable con-
stants. Table 26 summarizes the values o:f the equivalent con-
ductances o:f many o:f the solutes studied to date in liquid 
s.ul:fur dioxide. Where calculated, the spread o:f the value o:f 
each~ois reported with the selected 95% confidence limits. 
Examination o:f this table reveals that, according to the sta ... 
tistical evaluation, the observed .Ao is precise to '!:o.5 - 1% 
,: .. 
f 
in most cases. The ~xpected large percent error is present :for 
Triphenylmethyl Chloride. As is subsequently demonstrated de-
tailed examination o:f the Ao values available :for solutes in 
liquid sul:fur dioxide leads to interesting and informative re-
lationships. 
Kohlrausch' s Law 
In the state o:f in:fimi te dilution to which~ refers, the 
motion o:f an ion is limited soJ.ely by its interactions with the 
surrounding solvent molecules, there being no other ions within 
a :finite distance-. In these circumstances, the validity of' 
Kohlrausch1 s Law (19) o:f the independent migration o:f ions is 
almost axiomatic. Thus :for 1-1 electrolytes. 
(18) 
where X+ and X- are the ionic equivalent conductivities :for 
the positive and negative ion respectiveJ.y. Since interactions 
are limited to the solvent, examination o:f the limiting 
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TABLE 26 
Observed Values of Ao(9,2~ Confidence} 
Solute Temp. (exp.} Variance % Error 
oc. 
-Ao (9,2% C.L.) 
KCJ. 0.12 24-3 
-8.90 222 
KBr 0.12( a) 249 
-:$.25 233 2 l 
:..a. 90 (a) 228 
-10.70 224 2 l 
-15.56 212 2 1 
-20.58 202 2 1 
-24.99 188 1 o.5 
KI(a) 0.12 - 244 
-8.90 224-
(Me) 4-NBr (a) 0.12 236 
-8.90 215 
(CH3) 4NI 0.175 234 1 o.5 
-8.90 214 l o.5 
(Et) 4NBr 0.16 215 1 o.5 
(n-pr)4NI -0.16 197 o.5 0.25 
(nbut)4NI 0.175(b) 189 1 o.5 
( CH3) 4NC10'+ 0.16 217 1.5 0.7 
(CH3)4NBF4 0.16 215 2 1 
. (OH3)4NOPi 0.175 175 1 o.5 
MaPyi 0.175 231 2 1 
-8.90 211 2 1 
MePy0104 0.175 214 1' o.5 
MePyOPi 0.175 168 1.5 l. 
c7n7Br 0.16 220 o.5 o.2 
9>3CCl04 -25.40 132 o.5 o.4 0.16 173 o.5 0.3 
TABLE 26 (Continued) 
Solute Temp. <A;~ Variance . oc. <95% c.L.) 
¢3cc1 o.J.2(a) 207 o.oo(c) 199 10.0 
-25.oo(c) 156 
(a) Data o~ Le~tin (24) 
(b) Data o"£ Alster (2) Variance calculated. 
{c) Data of Vignale (45) Variance calculated. 
% Error 
5.0 
equivalent conductivities at the same temperature of various 
solutes which contain the same cation or anion will lead to an 
examination of' the internal consist~9ncy of' limiting conductance 
data. 
Therei'ore, the obvious selection of' ion pairs containing 
a common cation or anion allows the determination of' the change 
in limiting conductance( AX ) which accompanies a particular 
ion change. Wherever more than one value is available for a 
particular 4Ao the average is computed. Table 27 summarizes 
these evaluations. In almost every case available, the AJ0 
.found was independent of' the counter ion • .::.:..~~ L::;. :; -:~:.;..;..~'::.. The 
adherence of' the data to Kohlrauseh's Law lends .further support 
to the internal consistance of' the data. 
In Table 27, the ion change is always from the smaller 
ion to the larger ion as dictated by the radius of' the ions in 
Tabl.e 21. In general the A).D listed are there.fore negative 
which demonstrates that as the ionic radius is increased the 
mobility is decreased. Several discrepancies appear. First, 
in accord with this generalization, the mobilities o.f the hal-
ide ions should be in the order OJ.. ... > Br-> I-, whereas experi-
mentally the order is 01-< Br->I-. Both the tecl:m.ique employed 
by Lei'tin (24) in obtaining conductance data on KCl and the 
internal consistancy .found upon elimination of' this solute 
.from the total picture strongly suggested that the data .for KCl 
be eliminated i'rom all theoretical discussions, and that this 
solute be re-examined. 
A second small discrepancy is .found in Table 27 upon 
TABLE 27 (a) , 
Evaluation o:f' 
Ion.·Ghange 
.K~(OH3 )4N+ 
:er~r­
r~o1o4-
.I~OPi-
C104~ OPi"':. 
+ + (Me)4N~ MePy 
01~0104-. 
+ + .(Me)4N_~(Et)4N 
. + . (Me)~ -?(:&pr) 4r 
. . + . + ,(npr)4N~ (nbut)4N 
0 H +~(Et) N+. 7 7 4 
Br-___.0104-
BF4~0104-
(oH3 >4r~,03c+ 
Br---. OPi-
K+ ----7 (Et) 4 N+ 
K+~(npr)~+ 
K+~(n.but) 4-N+ 
. + ' -
K ~(MeJ?y+) 
K+~o7~+ 
01~I-
Cl---"7 Br-
Number A 1 o 
o:f Cases ~ 
2 
2 
2 
2 
2 
3 
]. 
1 
1 
l 
1 
1 
l 
]. 
l 
1 
l 
1 
1 
1 
1 
1 
1 
-12! 1 
-4 ~ 2 
+-· 
-16 _ o.5 
.. -61 :: 2 
-44 ~ 1 
-4 !' 2 
-34 
-25 
-21 
+2 
-45 
-61 
-34 
-47 
-55 
-13 
-29 
+1 
+6 
(a) Temperature {o.oo - 0.17) 
Common Ion(s) 
B:r- , r-
r , (oH3 )4N~ 
{OH;3 )4N+ , MePy+ 
- - + ( OH3 ) 4~. , MePy+ 
( oE:3 ) 4 ~ , IV!ePy + 
0104- , OPi- , I-
,03o+ 
~3o+ 
Br-
l3r-
(OH3)~+ 
. . + (OHJ )lf-N 
ClO -4 
(OH3)4~ 
·Br-
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conside~ing the change in mobility associated With th~ ion 
change BF4:~ 0~04-. Considerlng the ionic radii tabulated 
in Table 21 the m~bili ty of the BF4- shoul.d be slightly less 
than that of Clf>q. .. whereas the reverse is found. However, 
knowledge of the rad.i us of ClOq..- and BF4- ions is so uncertain 
that no claim can be made at this time as to the relative 
sizes. Within the indicated limits the limiting conductances 
of these two solutes are the ·same. 
A third discrepancy in the data is shown in Table 27 upon 
consideration of the change Cl----7)C10q.- using Triphenyl-
carbonium ion as the common ion. Examination shows that using 
the data of Vignale {45) the following change is found, ~,Ao 
(Cl~ Cl04-} = -25 whereas the data of Leftin;ab...oWs .6).0 
(01- "> 0104 -) = -34. 
The data of Le:t'tin have been selected beeaus.e of' the dis-
crepancies Vignale found in .the change of limiting conductance 
with ~emperature (Ao increased or remained unchanged with a 
decrease in temperature) along with the anomalous variation of' 
the dissociation constant with temperature. Furthe~ore, as 
will be shown later, the exclusion of Vignale's data leads to 
a better correspondence with theoretical predictions. 
Relative L~ting Ionic Conductances 
The assumption that the limiting conductance of the K+ is 
152, and hence that '~f I is 92 (the selection ot 152 tor ~ 
will be enlarged upon later) leads to the relative ionic con-
ductances tabulated in Table 28. The ions are arrange~. in 
order of increasing radius (e.f. Table 21). 
Stokes Law 
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Stokes Law (12) relates the limiting conductance o:f' an ion 
to the viscosity o:f' the solvent ('l) and radius of the ion (a) 
in the following manner: 
(19) 
or 
(20) 
Leftin found that insertion of the ionic radii for the solutes 
KI and KBr into Stokes Law leads to limiting conductances which 
are in approximate ~greement with the experimental values. 
Therefore, in the preceeding section it was reasonable to asgume 
that potassium ion exhibits a Stokes Law radius Retokes) in 
liquid sulfur dioxide. Consequently, several comparisons can 
now be made tor evaluation of the behavious ot_solutions in 
liquid sulfur dioxide. 
Radius and Limiting Conductance 
Figure 13 represents a comparison ot three radii an ion, 
can exhabit; R(cryst), R(stokes), and R(SOz)• The limiting 
ionic conductance is calculated for each radius and the radius 
TABLE ~8(g) 
Correlation of Theoretical and Ex;Eeri].tl.§l:n.tal Quantities 
. ;( (e.) j( - JeJ ·· (a) (b) (c) (d) 
Ion (Rso2) . (exp) (Stokes) R(cryst) R(stokes) (Rso2) 
. 
K+ 152 1.52 J.52 J.~33 J..33 le33 
-
. . .. 
(c~3>4r 61 140 6J. 3.30 J.~44 3.30 
(Et)4N+ 42 118 44 4.65 1.71 4.87 
... 
(npr J4W' 26 104 34 5.9 1~94 7.8 
(n-but)4W. 26 96 28 7·2 2.10 7·8 
MePy+ 60 138 49 4·13 1.47 3·4 
.. r -
C H6+ 
.7 ; 59 123 52 3.90 i.64 3!40 
¢3a+ 22 96 29 7·0 2.10 9.0 
01- 110(102)f 112 1~81 1.84 
Br- J.04 96 104 1.95 2.10 J..95 
r· 93 92 93 2.17 2.20 2e2, 
BF -4 160 74 72 2.80 2.73 1.26 
cJ.o4- 152 76 .68 3.00 2.66 1!;33 
OPi- '4J. 33 40 5.10 6.13 4·9 
~ 
"' 
TABLE 28 (Continued) 
~ 
(a) Calculated by ~(Stokes) = (0.8147 x 10-8~) ·1 · 
. Rcryst 
(b) Table 21 
~ 
(c) Calculated by R(stokes) ~ (~.B:J.4.7 :x; 10-Bfrt) jl'<!x,.) 
(d) Calculated from Bjerrum Equation 
~ (o.Bl47 x lo-8) 
(e) Calculated by ~(Rso2 ) = ~ 1 R(so2) 
(f) Using Triphenylmethylcbloride dat~ of Vignale (45) 
(g) Temperatqre o.o - 0.17 
~":" 
j 
~ 
-.3 
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co 
is calculated from each limiting ionic conductance for compar-
ison, and the two groups~ cations and anions, are arranged in 
the order of increas~ng crystallographic radius as dictated by 
Table 21. 
Cations 
(a) The cations exhibit limiting ionic conductances which 
are much larger than those predicted by Stokes Law when the 
crystallographic radius is used. 
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(b) Except for Methylpyridinium the relative mobilities 
fall in the same order as that predicted by Stokes Law and cry-
stallographic radius. 
Anions 
(a) The anion eXhibit excellent agreement among all three 
radii. 
(b) The lar~e d~~~ation of the (R(so2 )) of BF4- and 0104-c:t..nd \<., \h-o~;.,;.s) . 
from the (Rcryst.) is due to the difference between the ion 
A ~ 
pair radius and the crystallographic radius as _d.i~~.1l§J?ed on 
page 141. However it does in turn demonstrate that dissociation 
of the two ions does not occur. 
Effect of Temperature 
Recently Vignale (45) investigated several covalent solutes 
(Triarylmethyl Chlorides) over the temperature range 0°C. to 
-25°C. For such solutes the following relationship exists: 
where K2 , the dissociation constant, was calculated by assum-
ing a Bjerrum ngn value ideni;j.cal with the van der Waals radius 
-.·<-. ··..: ·- .... ;~·. 
o:r the ions involved. In this manner, the value o:r the ioni-
zation constant (Kl) could be determLned by the ~elationship, 
Kexp. = K2 . 
l + KJ. 
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. Vignale (45) :round that for certain covalent solutes, plots 
o:r log Kexp. vs. 1/T were remarkably di:Cferent :rrom linear. 
There:CoretaR examination over a comparable temperature range 
o:r an electrolyte which associates only electrostatically was 
undertaken in order to test the validity o:r the Bjerrum equa-
tion over a wide temperature range. Since Leftin (24) showed 
- -
that KBr conforms almost exactly to the Bjerrum equation at 0°C. 
and -8.9°0., this compound was examined at five other tempera-
tures. 
Figure 14 shows, for ease of comparison, plots of both 
log Kexp. and log KBjerrum. for potassium bromide against the 
reciprocal of the absolute temperature. The spread of Kexp. 
(hence log Kexp.), as calculated by the analysis of variance 
. . 
(Table 16) is shown by the vertical line; the horizontal line 
defines the. mean value of Kexp. at a particular temperature. 
Limits, comparable to those :round for the data at -5.25°0., 
were assumed for the data at o~c. and -8.9~0. 
An examination of Figure ~14 unequivocal~y demonstrates, 
from the data on hand, that 10.g Kexp. and the reciprocal of 
the temperature are linearly dependent. As shown, the Bjerrum 
equation predicts t~t a plot of log K vs. T-1 should have a 
faint but definite curvature. However, the obvious divergence 
does n<i>t support the erratic behaviour found by Vignale. The 
Bjerrum equation appears to be most nearly appligable between 
161 
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Least square treatment of the data along with an analysis 
0 
of va~iance with 95% confidence limits yield A He.xp. equal to 
-4·77!0.34Kcal/mole. 
Substitution of the appropriate quantities in the equation 
of Denison and Ramsey (4), e.g. ~H0Bjerrum = RT(l- LT) (3 + 
ebj~(b)~) yields valu~s. of .6HBjerrum based on Bjerrum's equa-
tion. and(~+ + r_) for KBr (Table 21) which are assembled in the 
following table. 
Te:rnp. 
(oc.) 
o.12 
-5.25 
-8.93 
-10.71 
-15.56 
-20.58 
-24.99 
TABLE~ 
ARBj errum Values :for KBr 
0 
6HBjerrum 
Kcallmole 
The increasing discrepancy between AHe.xp. and 
. 
0 ~HBjerru:m. at 
lower temperatures is a corollary of the parallel increasing 
deviation between r+ + r_ and ~, as shown in Table 22. 
d) 
It appears then that 6 Hexp. is essentially temperature 
independent for equilibria in liquid sulfur dioxide involving 
only electrostatic association. The temperature dependence 
0 
of 4Hexp •.. found by_ Vign.ale must be ascribed to the ionization 
-~ 
equilibrium present in the solutes examined. 
J.62a 
~IX 
Addenda 
The radius o~ the perchJ.orate ion 
A recent pubJ.ication* has summarized aJ.J. the ava~abJ.e 
data on the 01-0 distance in the perchJ.orate ion. The resuJ.ts 
o~ thirteen independent measurements on five structures 
(J.ithium perchlorate trihydrate~ anhydrous ltthium perchlorate, 
potassium perehJ.orate, hydronium perchJ.orate and siJ.ver per-
chlorate) result in a value of' J..44LA : o.OJ.5X ~or this dis-
tance. 
Addition o~ the van der WaaJ.s'radius of' o- (1.4i) to the 
0 
above value yields a value o~ 2.88-A. ~or the crystallographic 
radius o:f the perchl.o.rate ion; the value used in... this wottk 
(page 136} was 3.ooX. The use o~ this new value would not 
significantly alter any calcuJ.ations .or comparisons involv-
ing' the c·rystallographic radius o:f the perchlorate ion. 
* Studies of' the Structures o:f Crystalline Ji.»erchlorates and 
~lated Substances, by K. N. Trueblood 
AFOSR Report Number: TR-59-13 
.A.STIA Do.cument Number: AD 210 387 
Explanation of Tables of Conductance Data 
· The following tables represent the conductance data obtained 
in this research. The order of the run numbers is the order 
in which ·the data were collec·ted. Information on the cell and 
line used for a particular run is presented in Figures I-A to 
12-A. The tables are grouped in accordance with the struc-
ture of the solute. 
In many cases points were not recorded sinc-e they were 
to be exclude-d from the 8he~qyslcy calculation, In other in-
stal;lces the omission of point~,was to shorten 'the total time 
involved thus enabling the author to complet~ a run within a 
normal day. Points which were omitted from the 8hedlovsky cal-
culation are placed in parentheses. 
Beneath each set of data is found the conductance of the 
solvent expressed as ~l 802 or k2 so2 •. The subscript on the k 
refers to the number of distillations carried out prior.to 
measurement. The number in all cases should be multiplied by 
lo-5 in order to arrive at the specific conductance of the sol-
vent; the units are mhos-cm.-1 • For example if k2 802 = 0.0120, 
then the specific conductance is 0.0120 :x: lo-5 mhos-cm.-1. 
For.those eases in which the solvent was distilled more than 
once the solvent conductance used to calculate~ is designated 
by an asterisk (e.g.·k2*); the specific conductances tabulated 
for each run have all been corrected for the solvent conduc-
tance. 
TABLE 1-A 
~~nductivity of Tetramethylammonium Iodide in 
Sulfur Dioxide Solution 
Point 
(1) 
(2) 
(~) 
5 
6 
7 
8 
9 (10) 
(11) 
(12) 
1 
(2) 
~ g 
7 
v 
liters 
mole 
902.1 
1997 
~67 16 
541 
14460 
~2000 7~00 
70 50 
1032 
2403 
5590 
12980 
30210 
70340 
+O.l75°C. 
k X 105 
mhos-cm.-1 
(Run YP-V)(a,b) 
18.36 
9-230 
6.512 
4.550 
3.169 
1.509 
---
0.706 
0.484 
0.332 
(Run YP-XX) (a, 0 ) 
16.40 
7-914 
3.662 
1.661 
0.742 
0.325 
A 
mhos-cm.2 
mole 
165.6 
---
184.3 
193-2 
200.9 
207.3 
218.2 
225.8 
22K.6 
23 ·7 
169.3 
190.2 
204-7 
21~.6 22 .2 
228.9 
(a) The Sulfur Dioxide was degassed by pumping at -78°C. 
for one hour. 
(b) kl so2 = 0.0124 
(c) k1 S02 = 0.0150 
k.f so2 = o. 0070 -
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Point 
(1) 
(2) 
~ g 
7 (8) 
(9) 
(1) 
(2) 
3 
4 g 
7 
v 
liters 
mole 
1010 
1491 
2201 
3249 
4800 
7077 
10~0 
153 0 
22660 
22690(o) 
33310 
496.7 
1134 
2594 
5921 
13590 
31210 
71250 
TABLE 1-A (Cont.) 
k X 105 
mhos-om.-1 
(Run YP-96) (a, b) 
16.92 
11.~3 8. 90 
6. 003 
4.212 
2.941 
2.041 
1.408 
0.970 
0.963 
0.661 
(Run YP-98) (a, d) 
30.04 
14.87 
7·234 
3.427 
1.582 
0.718 
0.323 
A 
2 mhos-om. 
mole 
169.0 
177·9 
186.9 
195.0 
202.2 
208.1 
213.1 
216.3 
219.8 
218.5 
220.2 
1~9-2 1 8.7 
187.6 
203.0 
214.0 22 .1 
230.1 
(a) The Sulfur Dioxide was degassed by pumping at -78°0. 
for one hour. 
(b) kl 802= 0.0178 
(o) After sitting for 12 hours at -8.9°0. 
( d ) k2 s 02 = 0. 0086 
165 
Point 
1,2 
~ g 
7 
1,2,3 
4 
5 
6 
7 
v 
liters 
mole 
2824 
6409 
14600 
33200 
75880 
4105 
9435 
21680 
49910 
TABLE 1-A (Cont.) 
k X 105-
mhos-cm.·•l 
(Run YP-XXIV)(a,b) 
-·--
6.797 
3.231 
l-~96 
o. 72 
0.300 
(Run YP-22) ~a, 0 ) 
4.858 
2.267 
1.027 
0.457 
A 
mhos-cm.·2 
mole 
192.0 
207.1 
218.4 
223.1 
227.6 
199.4 
213.9 
222.6 
228.1 
(a) The Sulfur Dioxide was degassed by pumping at -78°C. 
for one hour. 
(b) k1 so2 = o. 0110 
(c) k1 802= 0.0110 
166 
TABLE 1-B 
Conductivity or Tetramethylammonium Iodide in 
Sulrur Dioxide Solution 
Point 
1 
(2) 
<R) 
g 
7 
8 
(9) 
10 
(11) 
(12) 
142,3 
g 
7 
v 
liters 
mole 
1326 
1974 
2934 
~~6 9 00 
21260 
~6860 
9840 
5536 
12850 
29910 
69640 
-8.90°c. 
k X 105 
mhos-cm.-1 
(Run YP-VI) (a, b) 
12.41 
8.735 
6.139 
4.273 
2.967 
2.044 
0 .. 959 
o.447 
0.306 
(Ru~ YP-XXI)(a,c) 
3-451 
1.554 
0.691 
0.303 
A 
mhos-cm.2 
mole 
164.~ 
172 .. 
180.1 
186.5 
192.0 
196.2 
203.9 
209.5 
213•7 
191.1 
199·7 
206.5 
211.0 
(a) The Sulfur Dioxide was degassed by pumping at -78°c. 
ror half an hour. 
(b) k2 so2 = • 0070 
(c) k2 S02=.0127 
Point 
1,2 
3 
~ 
6 
7 
1,2 
3 
~ 
6 
7 (8) (9) 
(10) 
v 
liters 
mole 
2797 
6~0 1 70 
32 90 
75180 
2172 
~208 7~0 9 6 
10310 
15170 
22420 
32910 
TABLE 1-B (Cont.) 
k X 105 
mhos-em. -1 
(Run YP-XXV)(a,b) 
6.407 
3.021 
1.390 
0.622 
0.277 
·(Run YP-97)(a,c). 
8.014 
5.642 
3·9frg 2.7 
1.901 1.30~(d) 
0.89 
0.613 
A 
mhos-cm. 2 
mole 
179.2 
191.8 
201.1 
204.6 
208.2 
174.1 
181.0 
187.0 
191.8 
196.0 
198.6 
200.4 
201.7 
(a) The Sulfur Dioxide was degassed by pumping at - 78oc. 
for a half hour. 
(b) k 1 so2 = .0116 
(c) k1 so2 = .0178 
(d) After sitting at -8.9°0. for twelve hours. 
J.68 
TABLE I-C 
C0nduotivity of Tetramethylammonium Iodide In 
Sulfur Dioxide Solution 
Point 
(1) (2) 
(3) 
4 
5 
6 
(7) 
(8) 
(9) (10) 
(1) (2) 
~ g 
7 (8) 
(9) (10) (11) 
v 
liters 
mole 
687.6 
1020 
1512 
2243 
3328 
4951 7335~(o) 
10880 
16120 
23890 
129~ 191 
2829 
4189(f) 
6201 
9176 
20090 
hlt280 
4230 
(Lower Curve) 
+0.175oc. 
k X 105 
-1 mhos-om. 
(Run YP-I) (a, b) 
23.04 
16.37 
11.66 
8.223 
,.757 
• 020 
2.788 
1.907 
1.302 
0.889 
(Run YP-III)(a,e) 
13.~3 9· 10 
6. 39 
4-645 
3.233 
2.249 
1.067 
0.503 
0.345 
(a) The Sulfur Dioxide was not degassed. 
(b) kl 802= o. 0213 
(c) Sat overnight at -8.9 ~sist~+0.03%. 
(e) k2 S02=o.Ol20 
(f) Sat overnight. 
A 
2 mhos-om. 
mole 
158.4 
167.0 
1?6.3 
184-~ 191. 
199-0 
204.5 
207•5 
209.4 212. 
172.2 
180.1 
187.8 
194.6 
200.4 206. 
---
214.4 
222.6 
225 .. 0 
169 
Point 
1,2,3 
4 
5 
6 
7 (8) 
(9) (10) 
(11) 
(12) 
1,2,3 
4 g 
7 (8) 
(9) (10) (11) (12) 
v 
liters 
mole 
---
2134 
r65 ~gK(b) 
10300 
15280 
22700 
33790 
50320 
2076 
a433 36 
9495 
13430 20 10 
29970 
43840 
TABLE I-C (Cont.) 
k X 105 
mhos-cm.-l 
(Run YP-XIV)(a,b,c) 
8.584 
6.022 
4.200 
2.911 
2.005 
1.381 
0-940 
0.638 
0.434 
(Run YP-XXVII)(a,d) 
8.752 
6.237 
4-418 
2 .• 175 
1.509 
1.051 
0.]21 
0.496 
A 
mhos-cm. 2 
mole 
183.2 
190.6 
197-2 
202.7 
206.5 
211.0 
213-4 
215 .. 7 
218.3 
181 .. 7. 
189.2 
196.0 
---
206.5 
210.2 
21~ .. 5 21 .o 
217~4 
(a) The Sulfur Dioxide was degassed by pumping for 1 hour 
at -78°c. 
(b) Sat overnight at -8.9°C.· ~esist. :::+o.5% 
(c) k1 so2 = 0.0142 
k2* 802 = o. 0074 
(d) k1 so2 = 0.0123 
170 
Point 
1,2 
~ 
5 6 
7 
v 
liters 
mole 
2746. 
6l.42 1 80 
33310 
76870 
TABLE I-0 (Cont.) 
k X 10_5 
mhos-cm.-1 
(Run YP-XXIX)(a,b) 
6.870 
3.188 
1-~.52 
o. 55 
0.289 
A 
2 mhos-em. 
mole 
188.6 
200 .. 9 
210.3 
218.1 
222~2 
(a) The Sulfur Dioxide was degassed by pumping for one hour 
at - 78°c. 
(b) kl 802 = o. 0070 
171 
TABLE 2-A 
Conductivity of Tetra-a-propylammonium Iodide in 
Sulfur Dioxide Solution 
Point 
(1) 
2 
~ 
~ 
7 
8 
(9) 
(1) 
2 
~ 
v 
liters 
mole 
1562 
---
3422 
---
7472 
11050 
16390 
24260 
35900 
1303 
3010 
6963 
16080 
37280 
+ o.160°c. 
k X 105 
mhos-cm.-1 
(Run YP-26)(a,~ 
15.&fi.::. 
---
5.153 
~---
2.~6 
1. 79 
1.150 
·784 
.533 
(Run YP-28) (a, 0 ) 
12.49 
5.770 
2.623 
1.171 
.513 
· (a) The Sulfur Dioxide was not degassed. 
(b) k1 so2 = o. 0076 
(c) k1 so2= 0.0079 
A 
mhos-em. 2 
mole 
166.2 
176.3 
182.8 
185., 188. 
190.2 
191.3 
162.7 
173·7 
182.6 
188.6 
191.1 
172 
Point 
(1) 
2 
~ g 
7 (8) 
(9) (10) 
v 
liters 
mole 
1249 
---
2754 
4100 
9065 
13480 
19980 
29560 
43710 
TABLE 2-A (Cont.) 
+O.l60°C. 
k X 105 
mhos-cm.-1 
(Run YP-29) (a, b) 
12.98 
6.272 
4.317 
2.038 
1.386 
·941 
.644 
·43 
A 
mhos-cm. 2 
mole 
162.2 
172.7 
177-0 
---18~.7 18 .8 
188.0 
191.8 
189.8 
(a) The Sulfur Dioxide was degassed by pumping at -78°C. 
for 3/4 of an hour. 
(b) kl 802;:::: o. 0094 
173 
Point 
1,2,3 
~ 
6 
7 
1,2 
3 
4 g 
7 
TABLE 3-A 
Conductivity of Potassium Bromide in 
Sulfur Dioxide Solution 
v 
liters 
mole 
4589 
1~80 2 20 
5 510 
2~29 
5 32 
13030 
30180 
.69600 
mhos-cm.-1 
{Run YP-74) (a) 
3-l-33 
1.616 
.802 
-379 
(Run YP-76)(b,c) 
5.008 
2.679 
1.361 
.665 
.308 
(a) k1 so2 ~0.0107 
A 
mhos-cm.2 
mole 
143.8 
171.0 
19~-8 21 .2 
121.6 
150.9 
177-3 
200.7 
214.4 
(b) The Sulfur Dioxide was degassed by pumping at -78°C. 
for one-half hour. 
174 
TABLE 3-B 
Conductivity or Potassium Bromide in 
Su1rur Dioxide Solution 
Point 
1,2,3 
4 g 
7 
1,2 
' 
5 
.6 
7 
v 
liters 
mole 
4031 
9330 
21570 
49680 
2.524 
5868 
13640 
31830 
74090 
(a) k1 S02 = 0. 0108 
(b) k 1 so2 = o. o28o 
-10.710°0. 
k X 105 
mhos-cm.-1 
(Run YP-78)(a) 
3·445 
1.770 
.871 
.408 
(Run YP~80) (b) 
4.90~ 2.57 
1.30~ 
.62 
.282 
A 
mhos-cm.2 
mole 
138.9 
16,5.1 
187-9 
202.7 
123.9 
151.0 
177·7 
198.6 
208.9 
175 
TABLE 3-C 
Conductivity of Potassium Bromide in 
Sulfur Dioxide Solution 
Point 
1,2,3 
4 
£ 
7 
1,2 
i 
7 
v 
liters 
mole 
4oo8 
9280 
21460 
49l.i40 
25~ 58 . 
135 0 
316~0 
736 0 
(a) k 1 so2 = 0.0108 
(b) kl 802 = 0.0280 
mhos-cm.-1 
(Run YP-79) (a) 
3.429 
1.740 
.848 
.394 
(Run YP-81) (b) 
4-915 2.550 
1.266 
.606 
.271 
A 
mhos-cm. 2 
mole 
137-4 
161.5 
182.0 
194.8 
123.3 
149.0 
171-7 
191.7 
199.6 
176 
TABLE 3-D 
Conductivity of Potassium Bromide in 
Sulfur Dioxide Solution 
Point 
1,2,3 
4 g 
7 
1,2 
~ 
5 6 
7 
v 
liters 
mole 
4072 
9428 
21820 
50380 
2264 
5298 
12380 
28860 
67860 
(a) k 2 · 802 =0. 0150 
(b) k 1 802 =o. 0108 
-20. 58°c. 
k X 105 
mhos-cm.-1 
(Run YP-82) (a) 
3.330 
1.673 
.815 
.390 
(Run YP-83) (b) 
5-246 
2.706 
1.325 
.628 
.293 
A 
mhos-cm. 2 
mole 
135.6 
157-7 
177·9 
196.5 
118.8 
1~~-4 1 .o 
181.2 
198.8 
~77 
Point 
1,2,3 
4 g 
7 
1,2 
3 
4 5 
6 
7 
TABLE 3-E 
Conductivity of Potassium Bromide in 
Sulfur Dioxide Solution 
v 
J.iters 
mole 
4481 
10330 
23830 
55110 
-... -5a~~ 
12740 
29490 
68000 
mhos-cm.-1 
(Run YP-75)(a) 
3.027 
1-491 
-710 
·.326 
(Run YP-77)(b,c) 
5.002 
2.556 
1.234 
.58 
.262 
(a) k1 so2 = o. 0107 
A 
mhos-am.2 
mole 
13~.6 15 .o 
169.2 
179.8 
118.7 
140.5 
157.8 
172.2 
1?8.2 
(b) The Sulfur Dioxide was degassed by pumping at -78oc. 
for one-half hour. 
J.78 I 
TABLE 4-A 
Conductivity of Tetramethylammonium Perchlorate in 
Sulfur Dioxide Solution 
-+0.16ooc. 
Point v k X 105 A 
(1) (2) 
~ g 
(7) (8) 
(1) 
(2) 
3 
4 g 
7 
8 
(9) 
liters 
mole 
513.4 
1177 
2700 
6192 
14210 
32520 
73960 
171700 
1118 
1636 
2395 
3507 
5133 
7510· 
11000 
16110 
23570 
mhos-cm.-1 
(Run YP-54){a,c) 
24.12 
~2.42 .. 
·6.176 
2.994 
1.389 
.638 
.296 
.137 
(Run YP-56) (b,d) 
12_.~ 
9- 0 ~6~~ 
- .. -
4.929 
3.ffl2 
2. 97 
1.753 
1.232 
.856 
(a) The Sulfur Dioxide was not degassed. 
mhos-em. 2 
mole 
123.8 
1~6.1 
1 6.8 
185.4 
197·3 
207.5 
218.7 
234.9 
14t.l 
15 .4 
164.1 
172.9 
180.3 
187.5 
192.9 
198.~ 201. 
(b) The Sulfur Dioxide was degassed by pumping at -78°G. 
for one hour. 
(c) kl S02= 0.0108 
(d) kl S02= 0.0154 
k2 so2= o.o416 
k* 3 se2= o.o135 
179 
Point 
{l) 
(2) 
i 
(7) (8) 
v 
liters 
mole 
53~.6 12 3 
28 6 
6703 
15590 
36250 
83660 
197700 
TABLE 4-A (Cont.) 
k X 105 
mhos-cm.-l 
(Run YP-57) (a, b) 
23.49 
11.88 
5.831 
2.762 
1.268 
·576 
.257 
.148 
A 
2 mhos-em. 
mole 
125.8 
1~7·7 1 8.3 
185.1 
197.6 
208.8 
215.3 
293.0 
(a) The Sulfur Dioxide wa~ degassed by pumping at -78°C. 
for one hour. 
(b) k1 S02= 0.0126 
* k 2 so2= o.oo45 
180 
TABLE 5-A 
Conductivity of Tetraethylammonium Bromide in 
SULFUR DIOXIDE SOLUTION 
Point 
(1) (2) j 
(7) 
(1) 
(2) 
i 
7 
v 
liters 
mole 
537.2 
1146 
2443 
5202 
11100 
23590 
50020 
480.3 
1108 
2~9 58 3 
13480 
31040 
71920 
+o.l6°c. · · 
k X 105 
mhos-cm.-1 
(Run YP-68) (a, b ) 
28.44 
14.70 
7·~2~ 3. 8 
1.802 
.869 
.416 
(Run YP-65)(a,c) 
30.91 
15.19 
7.150 
3-~00 1. 92 
• 69 
.293 
A 
mhos-cm. 2 
mole 
152.8 
168. G. 
. 181. 
191.8 
200.0 
205.0 
208.3 
1~8.5 
1 8.3 
182.3 
193-5 
201.1 
207.7 
210.7 
.(a) The Sulfur Dioxide was degassed at - 78°0. for one hour 
by ·pumping. 
(b) k1 so2 =o. 0124 
~l. k2' so2 = o. 0078 
(c) k 1 802=0.0047 
l.8l. 
Point 
(1) (2) 
a 
~ 
v 
liters 
mole 
653.8 
lg09 3 80 
8034 
18550 
42780 
TBLE 5-A (cont. ) 
+O.l6ooc. 
k X 105 
mhos~cm.-1 
(Run YP-63) (a, b) 
23.55 
11.32 
5.,34 2. 55 
1.113 
·492 
A 
mhos-cm. 2 
mole 
154.0 
170.8 
185.6 
197·2 
206.5 
210.5 
(a) The sulfur dioxide was degassed by pumping at -78°0. 
for one hour. 
(b) k 1 so2 = o. 0179 
1.82 
TABLE 6-A 
Conductivity of Tetramethylammonium Fluoroborate in 
Sulfur Dioxide Solution 
Point 
(1) (2) 
~ g 
(1) (2) 
i 
(7) 
v 
liters 
mole 
687·7 
1585 
3658 
8438 
t4450 950 
515.6 
1207 
2828 
6626 
15500 
36240 
84290 
(a) k1 so2 = 0. 0140 
(b) k1 302=0.0110 
+ o.16o0 c. 
k X 105 
mhos-cm.-1 
(Run YP-71) (a) 
18.55 
4.508 
.686 
2.230 
1.031 
.473 
(Run YP-72) (b) 
23.11 
11.80 
5.823 
2.761 
1.265 
.561 
.245 
mhos-cm.2 
mole 
127.6 
150.7 
171.4 
188.2 
200.5 
212.2 
119.1 
1~2.4 
1 4·7 
182.9 
196.1 
203.3 
206.5 
Point 
(1) (2) 
(3) 
4 g 
7 (8) (9) 
v 
liters 
mole 
470.8 
768.6 
1255 
20~0 3~ 6 5 0 
891G 145 0 
23750 
TABLE 6-A (Cont.) 
+ o.160°C. 
k X 105 
mhos-cm.-1 
(Run YP-73) (a) 
2~.88 
1 .89 
11.38 
7.612 
5.012 
3.252 
2.090 
1.321 
.832 
184 
A 
h . 2 m os-cm. 
mole 
117.1 
129.8 
142.8 
156.0 
167.8 
177.6 
186.3 
192.1 
197.6 
TABLE 7-A 
Conductiviti of Tet~amethilammonium Pic~ate in 
Sulfu~ Dioxide Solution 
+O.l75°c. 
Point v k X 105 A 
lite~s mhos-em. -1 mb.os-cm.2 
mole mole 
(Run·YP-44) (a, c) 
(1) 919.8 1~.14 130.0 2. 2114 
·797 . 143.7 
i 4858 3.169 1.54.0 11140 1.~58 162.4 25590 . 54 167·% 58900 .290 170. 
(Run YP-46)(b,d) 
(1) 630.6 19 • .58 123.4 (2) 1450 4.520 138.0 
~ 3335 .509 150.~ 7673 2.070 158. 17670 
·438 165.7 6 4o68o • 19 170.,5 
(?) 93710 .202 182.6 
(a) The s ulfu~ dioxide was. degassed by pumping fo~ one 
hou~ at - 78°c. 
(b) The sulfu~ dioxide was not degassed. 
( c ) kl s 02 = 0. 0067 
(d) K2 so2= 0.0034 
185 
Point 
(1) 
2 
3 
~ 
(7) (8) 
v 
liters 
mole 
1483 
2183 
r~3 73l_ 97 
10260 
15110 
22240 
TABLE 7-A (Cont.) 
+O.l75°c. 
k X 105 
mhos-cm.-1 
(Run YP-47)(a,b) 
9·304 6.558 
4.621 
3.23~ 
2.25 
1.561 
1.076 
·139 
(a) The su1fur dioxide w~s not degassed 
(b) k2 so2 = o. 0101 
mhos-cm. 2 
mole 
1~8.0 
1 3.2 
148.5 
153.1 
157·3 
160.2 
162.6 
164.3 
186 
TABLE 8-A 
Conductivity of Methylpyridinium Iodide in 
Sulfur Dioxide Solution 
Point v k X 105 A 
(1) 
(2) 
(~) 
g 
1,2 
3 
4 g 
7 
(a) 
(b) 
(c) 
(d) 
liters 
mole 
380.8 
848.2 
1892 
4223 
9441 
21080 
2262 
5175 
11830 
27070 
61990 
rnhos-cm.-1 
(Run YP-IX) (a, b) 
37.16 
19.00 
~·538 
.664 
2.219 
1.039 
(Run YP-XII)(c,d) 
8.189 
3.892 
1 .. 793 
0.817 
0.369 
mhos-cm.2 
mole 
~1.5 1 1.1 
180.5 
196.9 
209 .. 5 
219.0 
185 .. 2 
201.4 
212.1 
221.1 
228.8 
The sulfur dioxide was degassed by pumping for one 
hour at - 78oc. 
k2 802 = o. 0251 
The sulfur dioxide was not degassed. 
kl 802 = o. 0144 
k2i~ 802 0.0105 
J.87 
Point 
(1) 
2 
3 
4 g 
(7) (8) 
(9) 
(10) (11) 
1 (2) 
~ 
5 
6 
(7) (8) 
(9) (10) 
v 
liters 
mole 
1390 
2074 r92 615 
882 
10290 
1535o(b) 
22860 
34190 
51070 
76160 
TABLE 8-A (Cont.) 
k X 105 
mhos-cm .. -1 
(Run YP-XIX)(a,c) 
12.69 
8.890 
6.217 
4-313 
2-970 
2.035 
1.341 0.9 5 
0 .. 643 
0.433 
0.293 
(Run YP-XXIII)(a,e) 
1617 11.01 
2~18 7-678 3 15 5.351 
·5416 3-705 8loo(d) 2 • .543 . 
12120 1.734 
18130 1.178 
27120 0.745 40630 0.5 8 
·' 
mhos-cm.2 
mole 
176.4 
184.4 
192.2 
194.0 
20 ·4 
209.4 
213.5 
216.1 
219.8 
221 .. 0 
223-4 
178.0 
185.6 
193·4 
200.7 
206.0 
210.2 
213.5 
21.5.7 
222.6 
(a) The sulfur'dioxide was degassed by pumping at - 78°C • 
.for one hour. 
(b) Sat overnight at -8.9°0. LJ. ::: o. 4%. 
resist. 
(c) k1 so2 :::: 0.0134 
(d) Sat overnight at - 8.9°0. Cl . :::::: o.1%. 
resJ.st. 
( e ) k1 S o2 = 0. 0186 
k2* S02= 0.0070 
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TABLE 8-B 
Conductivity of 1-Methllpyridinium Iodide in 
· Sulfur Diox de Solution 
Point 
1 
(2) 
(3) 
~ 
1,2 
3 
~ 
6 
7 
v 
liters 
mole 
8%0·3 
1 74 
4185 
9355 
20880 
---
2239 
5126 
11710 
26820 
61420 
-8.90000. 
k X 105 
mhos-om.-1 
(Run YP-X) (a, b) 
18 .. 16 
K.o26 
·375 
2 .. 067 
·964 
(Run YP-XIII)(o,d) 
7·~tt9 3. 5 
1.671 
·7ft8 
.3 1 
A 
mhos-om.2 
mole 
152.6 
169.-2. 
183.1 
193-4 
201.3 
----
173·5 
186 .. 9 
195·7 
203.2 
209.6 
(a) The sulfur dioxide was degassed by pumping for one hour 
at - 78°0. 
(b) k2 SOz = O. 0251 
(c) The sulfur dioxide wgs not degassed. 
(d) k2 S02 = 0.0144 
k3* 802 = 0. 0105 
189 
Point 
1 
2 
3 
~ 
7 (8) 
(9) (10) (11) 
v 
liters 
mole 
2049 
3057 
~563 801 
10170 
15190 
22610 
33810 
50480 
75300 
TABLE 8-B (Cont.) 
-8. 900oc. 
k X 105 
m.hos-cm.-1 
(Run YP-XVIII)(a,b) 
8.4261' 
t·8728 
.0540 
2. 7799 
1.9026 
1-2998 
.8724 
.,944 
•. 008 
.2704 
(a} k 1 so2 == o. 0130 
A 
mhos-cm.2 
mole 
172.6 
179-5 
185.0 
189~a-
193~~ 
197· 
l97-2 
201~0 
202.3 
203.6 
(b) The sulrur dioxide was degassed by pumping at - 78°0 in 
one hour. 
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Point 
1 
2 
3 
4 
5 6 
7 C8) 
{9) 
Q.O"\ 
v 
liters 
mole 
2389 
3576 
5354 
8007 
11980 
17930 
26830 
40170 
TABLE 8-B (Cont.) 
-8.900°0 .. 
(Run YP-XXII)(a,b) 
7·2755 5-0~87 3-4 21 
2.3891 
1.6214 
1.1013 
~7370 
·4963 
(a) k1 S02= 1.5761 
kl * 802= o. 0130 
mhos-cm•2 
mole 
173.8 
180.4 186. 
191.3 
194.2 
197·5 
197-7 
199·4 
(b) The sulfur dioxide was degassed by pumping at - 78°c for 
one hour. 
19l. 
TABLE 9-A 
Conductivity of Triphenylmethylperchlorate in 
Sulfur Dioxide Solution 
Point 
(i) 
.2 
3 
~ 6 
1 
2 
3 
~ 6 
v 
liters 
mole 
1008 
2371 
5574 
13100 
30790 
72180 
1932 
2867 
~2.53 310 
9371 
13910 
(a) kl so2 = o. 0048 
(b) kl 802 = o. 01Q(Q) 
+O.l6ooc. 
k X 105 
mhos-cm.-1 
(Run YP-84) (a) 
13.88 
6.350 
2.853 
1.2g7 
.56 
·.235 
(Run YP-86) (b) 
7.682 
.5.321 
3.680 
2 • .530 
1.732 
1.182 
mhos-cm.2 
mole 
140.0 
150.6 
154.0 
16 -7 
168.3 
169.6 
148-~ 1,52. 
156.5 
159.6 
162., 
164. 
Point 
(1) 
2 
3 
~ 
1 
2 
3 
4 g 
v 
liters 
mole 
862 
2001 
4647 
10790 
25000 
2~57 5 24 
13200 
30590 
71230 
TABLE 9-A (Cont.) 
+O.l6o0 c. 
k X 105 
rnhos-cm.-1 
(Run YP-88) (a) 
15.42 
' 7. 30 
3·378 
1.509 
!660 
(Run YP-91) (b) 
6.105 
2-771 
1.238 
.547 
.237 
(a) k1 so2 = 0.01.56 
(b) k1 so2 = o. 0071 
A 
rnhos-cm.2 
mole 
1~7.2 1 8.7 
157.0 
162~8 
165.0 
150.0 
157.8 
163.4 
167.3 
168.8 
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TABLE 9-B 
Conductivity of Triphenylmethylperchlorate in 
Sulfur Dioxide Solution 
)?oint v 
liters 
mole 
1 
2 2304 
' 
5414 127 0 
5 29930 
6 70130 
1 
2 1244 
' 
451~ 104 0 
(a) k1 so2 = o.oo48 
(b) kl 802 = 0.0150 
-25.40°C. A k x lo5 
mhos-cm.-1 mhos-em. 
mole 
(Run YP-85) (a) 
5.060 116.6 
2.251 122.0 . 
.489 126.0 
• 29 128.4 
.185 129-7 
(Run YP-89) (b) 
----
5·930 115.3 
2.681 121.0 
1.192 . 125.6 
194 
2 
Point 
1 
2 
i 
1,2 
3 
4 
5 
v 
liters 
mole 
2387 
5531 
12830 
29720 
69180 
---
3736 
7983 
17040 
TABLE 9-B (Cont.) 
-25.40°c. 
k X 105 
mhos-cm.-1 
(Run YP-92)(a) 
4.862 
2.190 
~~73 
• 30 
.189 
(Run YP-94) (b) 
3.14t 1.5 
·743 
(a) k1 so2 = 0.0071 
(b) k 1 so2 = o.oo17 
A 
mhos-om.2 
mole 
116.0 
121.1 
124.8 
i27.8 
130".8 
119.4 
123.2 
126.6 
TABLE 10-A 
Conductivity of 1-Methylpyridinium Perchlorate in 
Sulfur Dioxide Solution 
Point 
(1) (2) 
3 
4 
5 
6 
7 
8 
(9) 
(1) 
(2) 
3 
4 g 
7 
v 
liters 
mole 
1065 
1567 
2308 
3394 500 
7377 
10870 
16020 
23640 
536.9 
1237 
2848 
6556 
1~080 
3 790 
79890 
+0.175°c. 
k X 105 
mhos-cm.-1 
(Run YP-41) (a, b) 
1.3.60 
9.835 
7.082 
5-059 
3.582 
2.516 
1.756 
1.217 
.840 
(Run YP-48)(a,o) 
23.40 
11.89 
5.864 
2.812 
1.310 
-592 
.265 
(a) The~_;suJ::Bur dioxide was not degassed. 
(b) k1 so2 = o. o1oo 
(o) k 1 so2 = 0.0100 
mhos-om.2 
mole 
144.8 
154.1 
163.5 
171.8 
179-2 
185.6 
190.8 
194-9 
198.6 
125.6 
1~7.1 
1 7-0 
184.3 
197·6 
206.1 
211.8 
l.96 
Point 
(1) 
(2) 
~ 
5 
6 
(7) 
(1) (2) 
4 
5 
6 
7 
v 
liters 
mole 
665.1 T6 3 2
7 97 
18030 
41070 
92850 
404.2 
924-3 
2114 
4834 
11070 
25370 
5?930 
TABLE 10-A (Cont.) 
+O.l75°c. 
rdt:;X 105 
.·· -1 
mhos-em. 
(Run YP-52)(a,d) 
19.85 
10.09 
4-981 
2.372 
1 .. 098 
~495 
.. 219 
(Run YP-53-K) (b,c,e) 
29.5~ 15.2 
7.6 4 
3-721 
1-747 
.803 
-355 
A 
mhos-cm.2 
mole 
132.0 
153.0 
1~2-4 
1 7·3 
197·9 
203.2 
203.3 
119.6 
1~0-9 1 2.0 
179.8 
193-4 
203.7 
205.8 
(a) The s~lfur dioxide was degassed by pumping at - 78°0. 
f'or one hour. 
(b) The sulfur dioxide was not degassed. 
(c) Kosower's sample. 
(d) kl 802=0.0129 
(e) k 1 so2 = o. od8tt1 
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TABLE 11-A 
- Conductivity of Gycloheptatrienyl Bromide in 
Sulfur Dioxide Solution 
Point 
(1) (2) 
~ 
5 
6 
(1) 
(2) 
(~~ 
~ 
(7) 
v 
liters 
mole 
748.2 
1708 
3899 
8900 
20270 
46490 
367.1 
836.8 
1908 
4344 
9920 
22610 
51520 
(a) k1 so2 : 0.0114 
{b) k1 so2 : o.o532 
* k2 so2 = o.o128 
+O.l60°C .. 
k :X: 105 
mhos-om.-1 
(Run YP-59)(a,c,d) 
19.8' 
4.8 2 
-752 
2.225 
1.019 
.456 
(Run YP-60)(b,d,e} 
35.42 
18.03 
8.95 
4:.306 
2.017 
•423 
• 10 
(c) Vigorous normal run• 
A 
mhos-cm.2 
mole 
1~8.4 1 8.1 
185·3 
198.0 . 
206.6 
211.8 
130.0 
150.8 
170·7 
187.0 
200.1 
208.6 
211.2 
(d) Sulfur Dioxide was degassed by pumping at -78°C. for 
one hour. 
(e) Sealed bulb run. 
l.98 
TABLE 11-A (Cont.) 
+O.l6ooc. 
Point 
(1) (2) 
3 
4 g 
7 
v 
liters 
mole 
1117 
1637 
2399 
3516 
5142 
1538 
11050 
(a) kl 802 ;::: 0.0237 
k~t- 802;::: 0.0107 
(b) Sealed bulb run. 
k X 105 
mhos~cm.-1 
(Run YP-62)(a,b,e) 
40.87 
10.16 
7-282 
5.201 
3~.689 
2.595 
1.815 
A 
2 mhos-em. 
mole 
157·4 166.2 
174·7 
182.9 
189-7 
195.6 
200.5 
(c) The sulfur dioxide was degassed by pumping at - 78°C. 
_ for one hour. 
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TABLE 12-A 
Conductivity of 1-Methylpyridinium Picrate in 
Sulfur Dioxide Solution 
Point 
(1) 
2. 
l g 
(1) 
2 
3 
4 g 
(7) (8) 
v 
liters 
mole 
940.4 
2166 
4986 
11470 
26460 
61100 
1727 
2577 
3848 
57~2 85 9 
12800 
19100 
28460 
<a) k 1 so2. = o. 0012 
(b) k1 802 = o. 0094 
mhos-cm.-1 
(Run YP-37) (a) 
13.t7 6. 85 
3.016 
1-373 
.616 
.269 
(Run YP-40) (b) 
7-973 5.561 
3.861 
2.655 
1.8~ 1.2 
.8~3 
.5 9 
A 
mhos-cm. 2 
mole 
127.6 
140., 150. 
157·5 
162.9 
164.5 
137·7 
143-3 
148.6 
152.5 
155-9 
159.2 
160.9 
162.0 
200 
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ABSTRACT 
Oonducti vi ty data ha:ve been obtained for solutions in 
liquid sulfur dioxide for ionophores composed of either 
spherically symmetrical or planar ions. Established methods 
have been employed to secure thermodynamic equilibrium 
constants (Kesp.) and limiting equivalent conductances (~) 
from the data. 
By arbitrarily adopting the crystallographic radius of 
the potassium ion as both its radius of closest approach in 
ion pairs and its hydrodynamic radius in liquid sulf'ur dioxide 
solution and assuming that the radius of an ion is independ-
ent of its counter ion1 three "radiitt can be assigned to each 
ion: 
205 
(l} R(cryst.} 1 the crystallographic ionic radius of elemental 
ions and1 for other ions 1 the radius calculated from bond 
distances and angles and van der Waals radii; for planar ions 
this is taken as the longest radius about the centre of gravity. 
(2) R(so2) 1 the Bjerrum radius 1 calculated from Kexp. by means 
of Bjerrum•s equation. 
(3} R(stokes)# the hydrodynamic radius calculated :from../\-oby 
means of Stokes• equation. 
Values of the three radii are assembled in Table I. 
TABLE I 
0 
Ionic :Radii in A at 0°C. 
Ion H(cryst.) R(S02) R(stokes} 
C1- 1.81 1.63 1.84 
- 1.95 1.95 Br 2.10 
-I 2.17- 2.20 2.20 
BF-4- 2.8 1 •. 26 2.73 
0104- 2.9 1.33 2.66 
- - - - - - - - - - - - - - - - - - - - - - - - - - - - - - -
5.1 6.1 
-· - - - - - - - - - - - - - - - - - - - - - -- - - - -
+ 
K 1.33 (1.33) (1.33) 
+ 1.44 MelN 3.30 3.30 
+ Et4-N 4.65 4..9 1.71 
n-Pr4N+ 5.9 7.8 1.94 
~-
- - -- - --
- - -- - -- - - - - - - - - - -
07H7+ 3.90 3.4- 1.64 
MePyr+ 4..13 3.4 1.4-7 
(C6H5)3c+ 7.0 9.8 2.10 
Agreement among the various radii of the anions 1 s re-
markab1e. In every case excellent agreement is found among 
-
-
R(stokes), H(cryst.}# and R(so2), except for BF4- and 0104-. 
For each of the latter two ions R(so2) is virtually identical. 
0 
with the van der Waals rad.i us of' oxygen ( 1.4-A.) and fluorine 
0 (1.35A) respectively. 
206 
For most oi' the cations, R(so2) is in excellent agree-
ment Wi.th R(cryst.). However, R(stokes) i'or each oi' these 
cations is much smaller than R(so2) or R(cryst.). 
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It has therei'ore been established that :for liquid sulfur 
dioxide surprisingly good agreement is observed between Bjerrum 
distances o:r closest approach cRl calculated :from Kexp. and 
sums oi' ionic radii i'or both spherical and disk shaped ions. 
Further~ the mobility oi' the anions measured is accurately 
predicted by Stokes Law assuming cyrstall.ographic or van der 
Waals radii. 
Solutions oi' potassium bromide have been measured at i'ive 
temperatures providing, together with earlier work, data at 
seven temperatures in the range oi' +0.12°0. to -24.99°0. 
~H0exp. is i'ound to be constant over tbis temperature range, 
. . 
with a value oi' -4.77 Kcal/mole. 
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